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PREFACE TO THE SECOND EDITION, 


[J the tre year which have elapsed since the publication of 
this work there has been a large increase in the number of 
memoirs bearing upon its subject. I have endeavoured, without 
unduly extending the size of the volume, to incorporate into it 
the bulk of the new matter and to include the principal 
memoirs, numbering more than a hundred, into the bibliography 
at the end. Several new enzymes have been discovered, hadro- 
‘mase, tannase, lotase, galactase and vesiculase, besides several 
oxidases, and some which effect reduction instead of oxidation. 
These will be found treated of in their appropriate connexions. 


In issuing this new edition I should like to express my 
appreciation of the kindness of my scientific friends in wel- 
coming the work as they have done. 


J, REYNOLDS GREEN. 


Cauparnar, 
April, 1901. 
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‘Though many of the reactions thus grouped togethor were 
posiossed of very little in common, one process which wax of 
‘very early date was associated correctly with fermentation, 
‘This was the action of leaven in the preparation of bread, ‘The 
evolution of gus was observed in connection with the rising 
of the dough, though no further resemblance to the alcoholic 
fermentation was recognised. Indeed the speculations eon- 
cerning leaven and its action were of the wildest order, some 
writers comparing it to the hypothetical philosopher's stone, 
‘ond attributing to it the power of transforming the dough into 
something rosembling itself. 

One fact of importance came ont amidst all the mas of 
confusion, though its interpretation left much to be desired. 
‘This was the discovery that a very small quantity of leavers was 

of fermenting or transforming an almost indefinite 
amount of dough. The latter wus however considered to be 
converted into leaven. 

Another point of resemblance between thee two fermen 
tative processes was known at m comparatively carly date, 
Tust ne the aeration of dough was associated with the 
prosence of leaven, alcoholic fermentation was found to be — 

ied by the formation of a deposit in the fermenting 
Lae which took the form sometimes of a sediment, sometimes 
‘scum floating on the surface. By many writers oon. 
Se cies tee attached to this deposit, and, as in 
‘ho cage of the leaven, some special oceult force was attribmted — 
to it, by virtue of which it set up the changes which could be 
observed in the liquid, It was consequently callod a,farrmaut, 

‘The true nature of this deposit, like that of loaven, for a 

ep eg pied period was not investigated, nor the part it plays 
wt ull understood, 

About the oad of the sixteenth century the process of 
putrofiotion was associated with the two fermentations eo far 
ar and the threo shown to have much in common, 

‘The confusion however which led to tho association of offervinse 
cence with them was maintained for some considerable time, 
Tt was not till 1659 that de In Bot pointed out that they 
differ considembly from effervescence, the chief reaction of — 
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athered 10 Pabroni’s view that they were of animal 
“Astier holding that they could only live at the expense of | 
‘ugar which they decomposed, 
Shortly afterwards Caguiard de Latonr, 
ts, saw that the globules consisted ie 


mented the liquid by some effeet of their vegetation. 

‘This discovery, which is really the basis of the 
views of the subject, was also made almost simultan 
Schwonn at Jena, wd by Kiitaing at Borlin, who were o 
firmed by Quevenne, Turpin and Mitscherlieh, ‘The 
‘wos referred by some to the Fungi and by others to the: 
but ite true systomatic position was first ascertained. by’ 
who pronounced it « fangus and placed it in w new gq 
to which he gave the name Sacoharomyoes. 

‘Pheso researches laid the foundation for the more « 

is views of Pasteur, whose coe 








of the sugar and the idea that the Intter was in some: 
connected with the manifestation of its vital processus, rem 
the question from the realm of chemistry in the narrower 
and gave it a plico among the problema of physiolo 
Pasteur in studying the subject from the latter point of 
made the very important discovery that the production 4 
alcohol is accompanied by the coincident formation of glycerin 
‘novi succinie acir, and he determined by quantitative mot 
that about 4 per cont. of the angar which dimppoars d 
the progress of a fermentation gives rise to these two m 
derivatives. 
Pustuur came to the conclusion that the exercise ‘of 
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THE NATURE OF FERMENTATION 
Whikt Eatear’ vows wore gradually making hen 
progressing which 


decomposition, They 
time and filtered off the extract, On aiding «itargekce 
aleohel to the filtrate they obtained a white floceulent 
tate, which when dried and dissolved in water was found 
cere sel ri change i 

thik substance, which Thay ealed diosa eon Hold rE 
Kind of fermentation, Tt appeared to aot in the same way as 
the globules of Leuwenhoek, the nature of which was at that 
time undetermined, as already explained, At the sume time it 
‘was clearly an unorganised substance, though very little was: 
dofinitoly known about it, On this account it was di 
‘85 nn mnorganived ferment, 

‘Two years caslier Leuchs had noticed that saliva 





‘capable of converting starch-paste into sugar. 

showed that a preparation of diastase could be prepared 
this animal secretion by the sume process ax Payen wnd Per 
had adopted for their barley extract, 

‘This discovery was followed by others Tn 1836 
demonstrated the existence of peprin in gnstrie juice, an 
showed that it decomposed indiffusible albuminous 
into others that were capnble of passing through 
Borthelot found that a watery extract of yeast, quite fre | 
the celle of the plant, waa capable of converting cane-sugur 
two other sugars of simpler composition, Liebig and We 
Wiseovered & similar body in the seeds of the almond, wl 
decomposed amygdalin with tho formation of sugar and 


products, and they were again wtruck by the slinilarity of 
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An animal or vegetable cell is henve the centre of very: 
vigorous activity; work is golug on within it in the direction of 
incorporating material for the growth of the living substance, 
cor of preparing material brought to it, so that it may be expable: 
‘of stich incorporation. Again some of its substance inay be 
undergoing decomposition with a view to supplying the a 
which it needs for the maintenance of its vital 

‘The chemical changes involved may be of throe kinds 
decompositions may involve the incorporation of material im 
the actual substance of the protoplara. and the sw | 
splitting off of various residues trom the latter, Snoh 

| to attend the formation of the various enzymes such as dinstage 5 
alvo the formation of fit, starch, and other compounds which ean 
‘be seen in various cells. Other changes may take place without: 
the establishment of such an intimate relationship with the 
protoplasm. ‘They may be carried out by the protoplasia 
outside its own substance, the materials affected not i 
incorporated in it while the change is taking place. Suoh 
decompositions have been alluded to by various writers ay 
ccansed by the fermentative action ot protoplasm itself. 

‘A third class of reaction may take place in the cell with= 
‘ont the actual intervention of the protoplasm at all, Te ie 
probable that: proceases of oxidation and reduction are 
place among the substances which oconpy tho meshes of the — 
protoplasmic network, and that quicscent as the cell appoars it 
ix the seat of many chemical reactions of this kind, ‘Thus the 

| formation of sugar in the cells of leaves under the influence of 
chlorophyll, which probably involves the polymerisation of sume 
form of aldehyde, need not necesarily involve the action of the: 
living substance, as such polymerisation is very Soquént aaa 
aldehyde bodies, 

‘Some of the decompositions of the latter class inay be distin 
guished from the others by the fact that though protoplistm is, 
‘not immediately concerned in bringing them about, it prepares 
from its own substance an enzyme by which the transform= 
tion is effected. The secretion or formation of this now 
factor belongs to the firét class of reactions mentioned, but 
the saterial once secreted is endowed with the power of 
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ally regarded as the only “ferments,” the faot that the “fermen= 
tation" was merely incident to their own biological process 
paasing almost unnoticed. ‘The theory that this power | 
property puts ther into a olnss distinct biologically from othe 
and higher plants is however quite disproved by the 
that many of them provoke the decomposition associated 
them by means of enzymes, which can with # little care 
prepared and separated from them with almost as much ease as 
from the higher phunts themselves, Moreover the enzymes they 
secrete nre identical with those which are prepared by the latter. — 

It follows, from this that those processes of fermentation in 

which the protoplasm is direotly involved are intracellular, It is 
only comparstively Intely that this has been realised in the ense 
of many vegetable organisina, ‘The presence of a coll-wall 
clothing the living substance would render impossible the con 
‘tact necessary to produce externally the decompositions observed. 
‘Thin point still needs emphasising in the case of many of the 
bacterial fermentations, Not only in unicellalar but in moltix 
cellular organisms also this can be observed. Instances ary 
nfforded by the alcoholic fermentation of ripe fruits noticed 
Lochartier and Bellamy, and more recently studied by 
by the transformation of glycogen into sugar in the Be | 
and powibly the liver of the higher animals, though it is Be 
oortain that the latter ix not the seat of a fermentation. 
n variety of disstass, The power of forming acids p 
by varions bacteria ie shown also by the cells of the y 
parenchyra of the higher plants, ‘Thongh acetic acid is formed 
by Myoodarme aveti from alcohol, and such parenchyma sppeans 
to form the acids it contains from sugar, the protoplasm fa 
both caves is the active agent, The acids are more complex: 
in the lutter caso, but this is probably due to the charnoter of | 
the metabolism of the two classes of ells respectively, 

‘Tuming to the processes of fermentation which nre ouriedl 
out by means of enzymes we find more complexity. In 
simplest cases of unicellular plants and animals intracell 
fermentation is most general, The complex substance, 
is ngually a food-material, is absorbed into the cell; an enxyme 
is secroted there, and the work of transformation follows 
Frow various unicellular plants enzymes have been extracted 


| 
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‘appears when the two modes of activity are compared 
‘to bo a difference of differentiation of the organism. 
‘unicellular being appears in most cases to carry out ite 





in some organic compound, the fact that these are only 
_ incidental to its own biological needs being thereby obscured — 
‘The multicellular organism devoting only a definite part of 4 
‘substance, and that generally « small one, to the transforma 
‘tions, these are easily recognised as biological in thelr ond and 
aim, Both unicellular and multicellular structures as we have 
seen carry out the work by identical menus, either the 
mentative activity of their protoplasm or the secretion a 
sometimes subsequent excretion of enzymes, — 
The atudy of formontation thus resolves itself very 
into an investigation of the destructive or decomposing 
of protoplasm, exerted cither directly or by means of 
enzymes, This may perhaps be narrowed still “more, for 
already noted many of the cases in which protoplismt haa been 
supposed to act directly have been found to be add 
instances of enzymic powers. The improved methods of 
paration which have been discovered have in tnany cases 
‘to the isolation of enzymes where they have not been suspect 
‘The search for the enzyme which produces aleohol fvors 
has been carried on by many investigators, and as m 
tubovy hus now boen crowned with success ‘The impo 
of this discovery can hardly be overestimated, as the 
coll has so long been held to occupy the most pro 
position as an organised ferment, There still remain h 
many cases in which the existence of au cnayme ix 
\otical, y 





Tarning to the considerntion of the enzymes as n partio 
group of substances we find that certain general features: 
‘be ascribed to them in common, though they present 
differences among themselves, A discussion of their po 
‘or probable composition must be deferred to a later ch 
Dut for the presant we may note that it is very diffieult 
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‘The observation of Leuchs in 1881 was followed up in L843 
by Mintho, who applied to saliva the same treatment as that 
adopted by Payen and Persox in the ease of extraots of germin= 
ated grin, He added to saliva absolute alcohol -in excess, 
and therely produced a precipitate which like the bo 
diastase was found to possess a starch-transforming power. 

‘Ho named this body salivary diastase, indicating eae 
larity to, if not identity with, the body prepared by Payen and 
Porsox, The name has fallen into disuse in works on physio- 


logy, the term ptyalin having been generally adopted in ite 
place. 


‘The power to succharify starch was in the wume your dite 
covered to bo present in another animal secretion, that of the 
mammation pancreas, The diseovorers wert Bouchardat and 
Sondras, and their work extended so far ax to enable them to 
claim that a variety of diastase can be extracted ftom that 





‘ony, 

‘Thus at comparatively carly dates there were established — 
three sources of diastase, two of snimal and one of b 
origin, For n long time these were regueded us the special 
situations of the enzyme. Within the past three decades — 
however n far more widesprend distribution has been ecaiitaly 
‘both in the animal and the vegotable organism, 

Dealing in the first plioe with investigations eneried om a 
the region of plunt life, we find the subject taken up again | 
1874 by von Gornp-Besanex, who found the enzyme in several — 
other varieties of germinating seeds, He wax followed I 
Kosmann in 1877, Baranetzky in 1878, and Krauch in 187; 
‘Owing to tho investigations of this group of workers the 
of dinstase was established in the ordinary vegetative 
of the plant and in other resting bodios besides seods, 
Kosnann and Krauch recognized its presence in the 
shoots of the highor plants, and also in certain algae, 
mosses and fungi, while Baranetzky found it both in buds 
pototo-tubors ‘These extended observations led the 
writer to suggest that it ix universally present in 
cells, 80 Tong as the Inttor ore living. 

Tn 1884 a very important reseirch upon this subject 
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sometimes from the interior, but it never gives rise to any pitting: 
or corrosion, so that the shape and transparency of the grain 
remain unaffected almost to the time of its disappearance, When 
‘the diastase is allowed to work upon » thin starch-paste, made 
dy mixing about 1 gramme of starch with 100ce. of boiling 
water, the opalescent liquid slowly becomes more and more 
‘Trauaparent till it is quite limpid; it then gradually undergoes 
almosb complete conversion into sugar. If a troe solution of 
starch is substituted for the starch-paste the transformation 
into sugar is much more rapid, ‘The dotails of the uetion will 
bo discussed in a subsequent chapter, 

‘The action of this form of diastase takes place most 
oy at a tomperature of 45°—50° 0. 

of translocation has been described as oc 

curring in ee aoe and certain reserve-organs. In 1889 
it was found by Kjeldahl! to be present in the ungerminated 
ggosins of burley, a discovery confirmed by Brown and Morris 
the next year, Kjeldahl showed that while the extract of 
ungerminated barley was able to convert solutions of soluble 
starch rapidly into sugar its activity on thin starch-pasto was 
but slight. Brown and Morris studied the formation and 
distribution of the ensyme during the process of ripening or 
maturation of the barley grain, ‘The chief place of its occur 
renee is the bulk of the endosperm, in which it may be found 
during ite development. It ix always most ylentiful in the part 
of the endosperm which is nearest: the young embryo, and if aps 
pene to prepare the material for the nutrition of the latter ax it 
increases in size, It thus appears in the barley grain at a much: 
enrlier period than the other variety of dinstase, Lo be described 
Inter, which is only found after maturation and indeed at the 
commencement of germination, The translocation-<liagtuse 
makes ite appearance at a very enrly period in the devel 
of the endosperm, and gradually increases until that de 
ment is completed but the grain not ripened, Brown and 
Morris estimated carefully the amounts of diastase present in 
Darley grains at threo stages of their formation (i) when the 
endosperm was half developed ; (ii) whon the development had 
reached two-thirds of its total amonnt; (iii) when it was 
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‘the starch-granule within the cell corresponds to that observed 
when it is treated with diastase outside the plant. 

‘Vines carried on bis work largely with the leaves of grasses, 
which he extracted with water. Some of his extracts were 
filtered, and others used while still turbid. The lntter were 
found to be more ative than the former, a fiot which suggests: 
‘thar Wortmann lost a good deal of the diastase contained in 
the leaf by the operation of filtration, the enzyme for some 
reason not having fully passed into solntion. Vines was able 
to prepare a solution of diastase from the grass leaves which 
exhibited a fair dogree of activity, He suggests that though 
the wnount of enzyme at any given moment may be snl, 
there isn constant secretion or formation of it, 60 that the total 
amount produced is sufficient to cause the conversion of all the 
starch translocated during the night. 

Tho work of Brown and Morris appeared in 1893 and is the 
fullest aud most detailed that has at present been carried out 
on the dinstase of folinge leaves, 

Av the outset of their investigations they were able to 
explain the apparent absence of diastase from many leaves which 
was supposed to be indicated by the very small diastase power 
of filtered extracts, ‘They dried leaves of various planta in air 
‘at a temperature of 40° to 50° C. and reduced them to a fine 
powder, An extract of 10 grammes of such powder, the leaf of 
‘Helianthus tuberous being used in the experiment quoted, wae 
made by steeping it for some time in water to which a trace of 
chloroform was added, Finally the extract was filtered. Two 
digestions of solutions of soluble #tarch were then carried out, 
the extract destribed being used in one of them, while 10 
grammes of uuextracted powdered leaves were employed in the: 
other, The relative dinstasic netivity in the two cases was 
found to be in the proportion of 7+ 1 in favour of the powdered 
Jenvos, tho estimation being made by observation of the ouprie= 
reducing power of the products of the digestions. 

‘The authors advance two reasons to explain the diffurance, 
the first being the great resistance which protoplasm 
coffers to the separation of the enzyme, and the second the action 
of the tannin so frequently present in leaves, which | 
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difficulty under such conditions. Moreover the tannin pre- 
cipitutes the dinstase itself. 

Besides oocurring in the actively vegetative parts of the 
plant this form of diastase is found also in the reservoirs of 
starchy material, and is particularly conspicuous there at the 
time when a call is made upon the reserve supply, ns happens 
for instance when growth recommences: 

‘An investigation of the potato by Pranet has brought to 
light sevoral very interesting facts connected with the formation 
and distribution of this variety of the enzyme in the tissue of 
The tuber, On the onset of the germination of that organ it is 
possible to notice that the buds uear its apex develop more 
rapidly than those situnted lower down, Prunet separnted the 
different regions of the sprouting potato, and made watery 
extrncts of cach. He ascertained the diastasic powers of the 
several extracts thus prepared by precipitating the euzyme with 
excess of alcohol, filtering, and dissolving the precipitate, and 
then allowing it to act upon thin starch-paste, His reaults are 
comparative merely and porhups only approximately accurate, 
fs he used for an indication of the progress of the digestion 
simply the colour obtained by the addition of iodina, Aw the 
starch in such a digestion disappears, this colour, which is at 
first blue, changes in the direction of' purple, then becomes red, 
and finally is not developed. ‘The method is not so accurate as 
the measurement of the sugar produced, but it yields reliable 
comparative results He found that while diastase is present 
in all parts of the tuber during the progress of its germination 
it is in grentest amount near the points where active growth fa 
proceeding. ‘The commencement of the growth of the young 
shoots is accompanied by a production of the cozyme in their 
fmmediate neighbourhood, and ae they become longer the 
formation of the diastase can be traced further and further 
Wack. Pronet estimated at the same time the sugar existing 
in the sume regions of the potato and found a correspondence 
between the amount of the two bodies. 

In 1893 the writer curried out a series of investigations on 
the processes of germination of the pollen grains of vationa 
plants, in the cotirse of which the presence of this form of 





7 


2 ‘DIASTASE (4MYLASH, PTYALIN). lem. 


difficulty under such conditions. Moreover the tannin pre- 
cipitates the dinstase itself, 

‘Besides occurring in the actively vegetative parts of the 
plant this form of diastase is found also in the reservoirs of 
starchy material, and is particularly conspicuous there at the 
time when @ call is made upon the reserve supply, as happens 
for instance when growth recommences. 

‘An investigation of the potato by Prunct has brought to 
Tight several very interesting facts connected with the formation. 
and distribution of this variety of the enzyme in the tissue of 
‘The tuber. On the onset of the germination of that organ it is 
possible to notice that the buds near its apex develop more 
rapidly than those situated lower down. Prunet separated the 
different regions of the sprouting potato, und made watery 
‘extracts of each, He ascertained the diastasic powers of the 
several extracts thus prepared by precipitating the euzyme with 
‘excess of alcohol, filtering, and dissolving the precipitate, and 
then allowing it to act upon thin starch-paste, His rosnlts are 
comparntive merely and perhaps only opproximately accurate, 
as he used for an indication of the progress of the digestion 
simply the golour obtained by the addition of iodine, As the 
stareh in such a digestion disappears, this colour, which is wt 
first blue, changes in the direction of purple, then becomes red, 
and finally is not developed. ‘The method is not so accurate ax 
the measurement of the sugar produced, but it yields reliable 
comparative results He found that while diastase is present 
in ull parts of the tuber during the progress of its germination 
it is in grentest amount near the points where active growth is 
proceeding. The commencement of the growth of the 
shoots is necompanied by a production of the enzyme ia their 
immediate neighbourhood, and as they become longer the 
formation of the diastase can be traced further and further 
Back, Prunet estimated at the aame time the sugar existing 
‘in the same regions of the potato and found a correspondenoe 
‘botwoen the amount of the bwo bodies 

Tn 1893 the writer carried out m series of investigations on 
the processes of germination of the pollen grains of yariong 
Plante, in the couse of which the presence of this form of 
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visibly coarser in structure and the granules increase in size 
and number, becoming so prominent in the cell that the nucleus 
i almost hidden, Thowe changes ary complote in about 1-2 
days, and tho condition of the cells remains thenceforward 


endosperm above the scutelintn becomes depleted of its starch, 
while the course granularity of the epithelium porsists, and the 
tinwnes of the embryo itaelf, particularly the cells of the seutella, 
become more and more charged with newly formed. starch 

ine. When the reserve store of starch in the endosperm 
‘has been thus absorbed, the epithelial cells again change in 
appearance, losing theit granularity and becoming transparent 
as at first, There is, however, an important difference between 
their first and their final condition, a in the latter the nuclens 
ix no longer to be found, indicating that the colls have finished 
thelr work and are on the way to disintegration, ‘The process 
of germination thus shows Uhab as it commences, active 
metabolism goes on in the epithelium, synchronous with the 
dixeolution of the cell-walls and the transformation of starch; it 
continues aw long as starch is being digested, and ceases when 
that process is over. The obvious conclusion to be drawn from 
the observations is that these metabolic changes are concerned 
in the elaboration of the secretion, which causes the 
pearance of the reserves of cellulose and starch; that is, that 
the epithelium is primarily a glandular structure, 

‘That this conclusion is not merely hypothetical has been 
demonstrated by careful experiments, carried out by Brown and 
Morris, upon the artificial nutrition of barley embryos removed 
from germinating grains Such embryos were carefully: aise 
sectod out and their acutellar surfaces freed fram adhering: 
matter by careful stroking by means of a fine eamel-hair pencil 
moistened with dilute sugar solution, They were then plioed: 
upon thin layer of moist barley starch, so thot their seutella 
rested in contact with the latter. Within a very short time 
trunsitory starch grains could be detected in the parenchyma of 
‘the scutella, and microscopic examivation of the starch 
in contact with the surface of the opitholium showed them: 
w be corroded and in process of disintegration. In farthor 
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‘the surface of the scutellum, and placed upon the mixture of 
gelatin, and ie exervised a corrosive and solvent action on 
the starch grains 

This eeiay: action of the epithelium is only manifested 
by grains in the process of germination. ‘The power of for 
dinstase seems only to be vequired when the barley ia quite 
ripe. Barley taken fresh from immature ears shows the gradual 
acquirement of the structures of tho grain as alrandy deseribed, 
but the scutella of such unripe grains have nio action on starch: 
‘The diastase which we have already seen to be present in 
ungerminated grain is located in the body of the grain itself 
‘and not in the seutellum. Moreover by its general behaviour 
it is proved to be of the translocation variety. 

‘The increase in the amonnt of secretion diastase during the 
progress of germination is very marked, Comparing embryos 
after four days’ germination with others talcen three days later, 
the dinstasic activities of the two were found by Brown and 
Morris to be as 16:60, Petit says that no diastase is found 
Defore the fuurth day of germination. 

Haberlandt has put forward the view that the diastase of 
scoretion is not elaborated only by the scutellam bat that the 
so-called aleurone-layer of the endosperm is aleo concerned al 
ite production, This layer is three or four rows of cells in 
depth, and the constituent cells have thick and somewhat 
cuticularised walls Tt is situated in the peripheral portion of 
the grain, just underlying the wall, which is composed of the 
fused pericarp and seed-oont, ‘The contents of the cells are 
chiefly aleurone grains with a little cil, embedded in the 
protoplasm. Each cell contains well-defined nucleus, The 
Aleurone-layer covers the whole of the endosperm but 
much lis conspicuons in the neighbourhood of the embiyo, 
where it is reduced to a single layer of cella. 

Haberlandt's experiments were carried out apon rye, from 
which he thinks histological and chemical evidence is forthe 
coming to prove that in germination secretion of diastase tales 
place in these cells as well as in those of tho scntollum, He 
states that during germination corrosion of the starch grains 
first appears between the scutellum and the aleurone-layer on 
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the cell-walls, and which will be treated of in o subsequent 
chapter, Like the seutellar epithelinm therefore it acarotes two 
enzymes, eytase nod dinstase, Comparing the two regions if 
appears that eytase Is most prominent in the secretion of the 
alourone-layer, diastase in that of the scutellurn, | 

‘The results of Haberlandt, Brown and Morris, and Brown: 
and Escombo, have boon confirmed by the investigations of 


other writers, expecially Gritss, Hansteen, and Puriewitech, 
Gries holds further that the depletion of tho s 

cells below the aleurone-layer is partly due to residual diastase 
existing in them, 

‘The differences between the two varieties of vegetable 
dinstave have been studied by Lintner and Eckhardt, who have 
compared them a they exint in raw and in germinated barley, 
In their experiments they prepared the diastase of secretion 
from extract of malt, of which it is the characteristic enzyme 
‘They made extracts of malt and of barley of such strengths 
‘that both solutions had equal power of converting starch inte 
sugar and were therefore comparuble in the other peculiarities 
‘of their action. Causing such extracts to act upon solutions af 
soluble starch nt several different tomperntnras, they ware able 
to construct a eurve for each which showed how differont 
temperatnres modified their behaviour. ‘The ourves were drawn 
‘80 that their abscisse represented the temperatures, and they 
ena tte adoste ca 
oxide-reducing power which was found to be possessed ae 
wolution nt the end of tho experiment, The two sete of 
ditiered materially. Malt diastase showed itself to possess at 
optimum point, or point of greatest activity, ab 50°—55" 
barley dinstase, which is the translocation varioty, was 
poworlul at 45°—50°C,, an average of about 5°, lower, 
fa temperature of 35°C. they were oqually active; the 
diastase at 4° ©, had as much power of starch conversion as 
malt dinstase had at 14:5" C, 

Kjeldabl also has published some comparative 
upon the two varieties He confirms Lintner’s results: ot 
‘the optimum point of the activity of seorution- dusty aay 
snakes the point at which it is destroyed by heat a little higher) 
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apparently does this by the action of its own protoplasm, a© 
‘Wond, who observed the phenomenon, says no enzyme is secreted, 
or can at any rate be extracted from the cells, On com 
poring these results with the others already quoted it soeme 
probable that his methods of extraction were defective, as it ix 
diffienlt to see how the protoplasm of the bacillus and the 
starch-paste could come into contact, on account of the cell- 
wall clothing the organism, Protoplasm no doubt: possesses a 
starch-transforming power, but it must come into contact with 
tho starch in order to exercise it, ‘This property of protoplasm 
will be more fully considered in a subsequent: chapter. 

Pioffer was able to determine the secrution of diastase by 
Bacterium megatherium, and found that the amount this organtam 
prepares depends to a large extent upon the amount of canes 
sugar present in the culture medium, He extonded his xy 
searches in this direction to soveral of the mould fungi, and 
found the sume influence wos exerted by the environment, 

glauoum ceased to form dinstase at all in the ~ 
presence of 10 per cent, of cane-sugar, and even when the latter 
only amounted to 1:3 per cent, the starch was only slighty 
attacked. Asperyillur niger behaved differently, producing 
diastase even in the presence of 30 per cent, of cane-sugwe 
Different sugars have different powers of checking pe socretion 
of the enzyme, cane-sugar and dextrose being more effective in” 
this direction than maltose. As the former ore the sugar 
which have the greutest nutritive value for the organisms this 
result appears to indicate that the formation of dingtase ia 
these plants only takes place undar the stimulus of m semi- 
storvation. ‘This ix rendered the more probable in that if the 
plants are excited to more vigorous growth by being supplied 
with poptone, « greater proportion of sugar is necessary: to 
inhibit the production of diastase. 
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does this by the action of its own protoplasm, as 
Wood, who observed the phenomenon, says no enzyme is secreted, 
or can at any rate be extracted from the cells On com- 
paring these results with the others already quoted it soems 
probable that his methods of extraction were defective, as it is 
dificult to see how the protoplasm of the bacillus and the 
starch-paste could come into contact, on account of the cell- 
wall clothing the organism. Protoplasm no doubt possesses a 
starch-transforming power, but it must come inte contact with 
the starch in order to exercise it. ‘This property of protoplasm 
will be more fully considered in a subsequent chapter. 

Pfoffor was able to determine the secretion of dinatase by 
Bacterium megatherium, and found that the amount this organiam 
prepares depends to a lurge extent upon the amount of cane. 
wugar present in the culture medium. He extended his re- 
searches in this direction to soveral of the mould fungi, and 
found the same influence wns exerted by the environment, 
Penieitium glauoum consed to form dinstase at all in the 
presence of 10 per cent, of cane-sugar, and even when the latter 
‘only amounted to 1S per cent, the starch was only slightly 
attacked. Aspergillus niger Wehaved differently, producing 
diastawe even in the presence of 30 per cent. of cane-sugur. 
Different sugars have different powers of checking the secretion 
of the enzyme, cane-sugar and dextrose being more effective in 
‘this direction than maltose. As the former are the sugar 
which have the gremtest untritive value for the organisms this 
result appears to indicate that the formation of diastase in 
these plants only takes place under the stimalus of » semi 
starvation. ‘This is rendered the more probable in that if the 
plants are excited vo more vigorous growth by being supplied 
with peptone, « greater proportion of sugar is necessary to 
inhibit the production of diastase. 
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io much smaller amount than ia either saliva or pancreatic 
juice, Hamburger hus made a similar observation, Comparing 
‘the relative diastasic powers of saliva, pancreatic juice, and the 
secretion of the small intestine, by obsorving their power of 

cupric-oxide-reducing sugar from solutions of starch, 
he finds that-taking the reducing power of glucose ns unity for 
purposes of u standard, the products of the action of the three 
secretions gave reducing powers of ‘31, ‘36, and ‘26 respectively. 
This amount of roducing-sugar was produced by saliva and by 
pancreatic juice in an hour or less, while it was only arrived at * 
under the influence of intestinal jnice in rather longer than a 
day, The lust-namod secretion therefore contains but a very 
small amount of diastase, 

‘The existence of the enzyme in the intestinal juice of be 
sheep was proved by Progl in 1805. | 

‘The other variety which in function at least coceeeptde 
translocation diastase is found in almost all tissues and fluids 
of the body, though it is often present in very amall quantities 
and is diffieult to extract. Different animals however show 
considerble differences in these respocts. 

‘The liver and the muscles are the chief storehouses of 
carbohydrate reserve-material in the body, where it takes 
the form of large quantities of glycogen, which vary oom 
sidembly from time to time. Carbohydrates leaving the 
liver are found wo be in the form of sugar, moat probably 
glucose, and the conversion of glycogen into the Intter must 
therefore take placo within the organ. Very conflicting stale 
ments have been made as to the possibility of proparation of 
a soluble enzyme from the liver cells, but thore seems te be 
gradually accumulating body of evidence in favour of fe 
existence. 

Tenving that question for the moment and turning to obhue 
body fluids in which the existence of diastasic enzymes 
seein less probable than in saliva and tho pancreatio 
intestinal juices, we find a certain amount of evidence of 
existence in blood and lymph, Bial in 1898 stated that di 
could be extracted from the serum of both these fluids but 
from their corpuscles, Rihmann about the sume time mude | 
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the floor of the mouth between the tongue and the gums of 
the lower jaw, Each is composed of a number of tubes opening 
into ducts which ultimately coalesce to form a single large 
outlet through which the whole secretion of the gland flows, 
‘The tubes are much convoluted and bound together into lobes 
by connective tissue, so that the whole gland forms a solid mass 
of small size. The act of secretion is carried out in the 
ultimate tabes or alveoli of the gland. Each of these consists 
of a transparent basement membrane, on the inner face of which 
the scereting cells are placed. There is a very small lumen oF 
canal in the centre, formed by the free margins of the cells, 
Ench alveolus is bathed by the lymph which exudes from a 
close plexus of blood capillaries, situated in the comnective 
tissue which is outside the basement membranes and which 
helps to bind the whole gland together. ‘The cells thus receive 
supplies of lymph at their bases, while the secreted saliva is 
poured out from them into the delicate canal which is the 
centre of the alveolus. Each gland is supplied with a double 
set of nerve fibres, one from the cerebro-spinal, the other from 
the sympathetic system. 

‘The structure of the secreting cells differs in one important 
respect from that of the cells of the seutellar epithelium of the: 
barley. There is no cellulose membrane investing them and 
their protoplasm is therefore constantly bathed by the lymph 
which reaches them freely, ‘They are composed of protoplasm 
which can be sven to be arranged in a network ; this és fairly 
regular and close in some cells, while in others the size of 
its meshes varies in different parts of the cell. The outer 
part or limiting layor of the cell has much closer meshes tha 
any other, and forms an almost continuous layer. Between the 
meshes of the protoplasm there is a more transparent, possibly 
fluid material, often known as parplasm, ‘This may contain 
various substances and may be crowded with granalar matter. 
‘There is always a conspicuous nucleus present but its position 
varies in cells of different glands. 

‘The process of formation of the dinstase, or ptyalin, aa it is 
frequently called, can be traced by a microscopic examination. 
of the cells under different conditions of the animal, If 
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gland may be observed in the cells of the pancreas, which has 
4 vory similar structure. The cells of this organ however 
scorete, in addition to dinstase, other enzymes which will be 
discussed Inter. The gramules of these colls have been ascer- 
tained nob to be composed of the enzymes themselves, but of 
antecedents of them known as zymogens. Possibly the granules 
differ from each other, some being those of one zymogen, others 
those of another. 

The amount of diastase in saliva aud pancreatic juice varies 
according to the animal from which those fluids are taken. 
Tt is least in the juices of the herbivora, the saliva of the 
horse being practically devoid of it. There is very little 
yain in the secretions of young animals so long as they 
are suckled, 

‘The dinstase of blood and lymph may be compared with the 
translocation diastase of planta It acte upon substances in 
‘those fluids and is not brought into contact with carbohydrates 
in the alimentary canal, Its mode of formation is unknown, 
the microsoope affording no information on this point. 

‘Turning now ngain to the question of the storage of reserve 
carbobydrates in the body and the possibility of their trans 
location by means of diastase, we find our information is not 
40 complete as that concerning the secretions of the glands 
described. The most prominent organ in the transformation of 
auch resorve-carbohydrates is the liver, in which it is easy to 
detect large quantities of glycogen which vary considerably 
from time to time, Glycogen in the animal organism appewns 
to take the plnco of starch in the vegetable one, being the 
form in which carbohydrate material, largely derived fom the 
alimentary canal, is stored till needed in the processes of 
nutrition. 

‘It has been known since the time of Claud Bernard that 
the blood coming from the liver contains a variable amount of 
sugar, and that during period of fasting it contains more than 
dows tho blood of tho portal vein which eartivs to that: orgun 
‘the products of digestion, When the liver of an animal is 
removed from the body, the post-m¢ changes which take: 
place in it are always accompanied by fk) formation of sugar, 
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with those of suliva; 40 small indeed that, her conclusion was 
that certainly the post-mortem formation of sugar and dis~ 
appearance of glycogen could not be attributed to an enzyme 
in the cells. She attributed the small amount obtained in her 
extracta to the blood whieh had remained in the organ. 

The subject has been investigated by many uxperimentens 
during the present decade, and there is a growing opinion that 
a dinstase ix present in the liver, though there is not yet an 
agreement as to the part which it plays in the metabolism of the 
organ. About the year 1890 Kanfinann published the results 
of some experiments made with the bile secreted by various 
animals, He says that the bile of the pig, the seep, aud the 
ox are all strongly diastasie, that no enzyme can be detected in 
that of the dog, while that of the cat contains a relatively 
small amonnt, Kaufmann infers from these resnlt> that the 
liver cells do normally form diastase. 

Very exhaustive experiments upon this subject have been 
carried out by Pavy. He removed tho liver from mbbite 
immediately after death and rapidly reduced them to pulp by 
pussing them through a mincing machine and sul 
pounding them in a mortar. ‘The pulp was stirred up with a 
large volume of absolute alcohol and allowed to stand under 
this liquid for six months, by which treatment the protwidé of 
the tise wero completely coagulated, At the expiration af 
this time, the alcohol was strained off and the liver snbstinoe 
washed suocosively with fresh alcohol and with ether, Tt was 
thon dried, powdered, and passed through a fine sieve. ‘Two 
grams of this liver powder were thrown into boiling water, while 
‘another portion of the sume weight was incubated for 4 hours 
at 46°C. with 20 c¢. of 1%, sodium chloride solution, ‘Both 
wore then titrated with Fehling’s fluid. The boiled digestion 
contained MG per cont. of reducing-sngar, the incubated one 
427 per cent, As the original liver contained both glycogen: 
and a small amount of sugar, the increased quantity found after 
incubation clearly shows the transformation of the glycogen: 
under the influence of liver diastase. 

Pavy hus shown further that the diustase #0 detected will 
survive prolonged heating to 80°C. if perfectly dry, He 
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» Schwioning ulso has mado some experiments upon the poa- 
mortou changes in the liver, eapecially upon the influence of 
chloroform upon them. As already mentioned, this reagent 
kills protoplasm but does uot interfere with the action of 
diastase, He made an extmct of liver with chloroform water 
and boiled half of it usa control, Tn both his preparations liver 
cells were present ; in one they had boon killed by chloroform, 
Jeaving nny dinstase unaffected ; in the other not only ware the 
cells killed but the diastase was destroyed by the aotion of the 
high temperature, Both contained the glycogen originally 
present in the tissue. After a certain time of incubation the 
unboiled extract was found to contain no glycogen, but a 
considerable quantity of sugar, while the boiled one contained 
glycogen with only teces of sugar. He concluded in com 
sequence that the action was due to an enzyme, the direct 
action of the protoplasm being impossible under the conditions 
of the experiment, ‘The traces of sugar found im the boiled 
extmet may very well have been due to m small quantity 
existing in the liver at tho time of its excision. 

Schwiening says farther that in the boiled extract there 
wae n conversion of glycogen into sugar after a prolonged 
incubation, a fiot which he holds to point to a continnons poste 
‘mortem formation of diastase. ‘This however seems a little 
difficult to understand, as the boiling not only killed the liver 
colla, but presumably destroyed any antecedent of dinstase as it 
«lin the enzyme itaelf, 

‘The liver howover is not the only seat of stored or reserva 
carbohydente, for the muscles also contain a considerable amount | 
of glycogen. Nnsse has shown that these organs aro alao the 
sent of an amylolytic or diastasic enzyme whieh ean be detected 
in the juice extmcted from them by pressure, Halliburton 
confirms Nusse's observation. He hos found that 
extract of the dried procipitate produced by treating mai 
Jule with aleohol cau change both starch and glycogen into m 
reducing-sugar with the concomitant production of an inter= 
mediate body possessing the characters of a dextrin, He finds 
the action on starch very slow, no- sugar being noticeable (ll) 
the digestion has procewded for 5 ov 6 hours 
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in the stomach, the juice of which behaves like that of a 

vertebrate pancreas, Biedermann has fonnd in the intestine 
of the larva of Tenebrio Molitor, the meal worm, a secretion 
which coutains diastase. 

‘The spiders ure similarly supplied with snlivary and pane 
creatio glands, 

As has been mentioned the “liver” of Mollusca has pan- 
creatic functions, In Helix aspera there are true salivary 
glands as well, which open into the mouth. In Heliw pomatia 
the diastasic function disappears from the pancreatic: ongan 
during the winter sleap, In the Cephalopoda the seoretion of 
the salivary glands is dinstasic only, while the" liver” besides 
hydrolysing starch, emulsifics fats, and ssponifies them, maker 
milk transparent and acts proteolytically on albumin. ‘The 
Lamellibranchiata are stated to possess no special ali 
glands Diastase has been said to exist in the mantle 
oyster #0 long as it is uninjured and to occupy different 
from those which contain glycogen. 

Abolous and Heim demonstrated the presence of dinstaas 
in the egg# of certain Crustaceans, among which may ba 
mentioned Maia squinado, Platyearcinus pagurus, P 
jpuber and Galathcea strigosa, ‘They were able to pr 
from either fresh eggs or such as had been preserved for 











time in 95 per cont. alcohol, using us a solvent either 
or glycerine. ‘They found it neved most e 
tomperatury of 85° C. and ina modiam containing 1 
of hydrochlorie acid. 

Mller ond Masaya sate that the yolk of the 


There ix no doubt that the diastase which ovcurs 
anitoal organism is identical with that which is of 
origin, Browa aud Heron have shown that the o 
action of pancreatic nud malt diastase is the same, 
work under identical conditions and are influenced by 
external circumstances in precisely the same manner, 
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lunge proportion of the proteids of the saliva together with the 
dinsiase or ptyalin, ‘The precipitate was then collected by 
filtration and extracted with a volume of water equal to that of 
the saliva originally used, ‘The diastase is slightly more soluble 
than the protcids and accordingly passed into solution firs. 
‘He rupented this process several times and finally procipitated 
the Inst extract by the addition of alcohol. ‘This precipitate 
wax collected, washed with alcohol and dried over sulphuric 
acid, appearing then as an amorphous powder, white in colour 
and freely soluble in water. Cohnheim held it to be free from 
proteids as ite solution did not yield the usual reaetions 
charnctoristic of these bodies, 

Another method of preparation of salivary diastase has 
been described by Krawkow, Sulit diluted with an equal 
Volume of water, and saturated with neutral ammonium sale 
phate. ‘The prvcipitate which is eaused by the saturation is 
collected on a filter ond washed for a short time with strong 
alcohol. Ip is then allowed to stand under absolute aleohol for 
one or two days, and finally dried at a temperatare of 30° 0, 
On extraction with water it yields a solution which is strongly 
dinstasie and which gives no proteid renotions. 

‘Von Wittich adopted the plan of treating a diastase-secrating 
tissue with glycerine and subsoquent precipitation with alcohol, 
purifying the product by repetition of the proces, 

‘Minlhe obtained it from saliva by meroly precipitating it by 
means of alcobol. Probably neither he nor v. Wittich ever 
obtained it in anything like a pare condition, 

From several animal tissues larger yield has b 
tained by using for the first extraction « solution of common sal 
of about 10 per cent, concentration insted of water, 

Lintner has prepared a relatively pure dinatase from mu 
by the following method, One part of either green or. d 
malt was extracted for 24 hours with 2 to 4 parts of 
20 percent. strength. The af teas Aon Herds Se M 
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and strained, To the turbid liquid ite own volume of alcohol 
was added, and the bulky precipitate filtered off, ‘To the filtrate 
‘its own volume of alcohol was again added, when a mach lem 
bulky precipitate fell, This was collected on a filter and dried 
‘atagentle heat. The paper retained the precipitate, which was 
found to be strongly iinstaxic, So prepared it could be preserved 
for m considerable period. 

‘Loow prepared the enzyme in a condition which he con- 
sidered relatively pure by the following process:—A measured 
quantity of germinating barley, softened by a Tittle water, was 
digomted for two days with 40 por cent, alcohol, with frequent 
stirring. After filtration, the liquid was precipitated by a 
mixture of two volumes of alcohol and one volume of ether, 
and the precipitate collected and washed with absolute alcohol, 
Tr was then dried over aulphuric acid and extracted with water, 
Sub-acetato of lund was wtded, which yielded a procipitate : 
this was filtered off and suspended in water, A current of 
sulphuretted hydrogen was thea passed through it to remove 
‘the lead, and to the filtrate was added a mixture of absolute 
alcohol and other, which precipitated the diastase. ‘Chis was 
collected on u filter, washed with absolute aloobol and then with 
ether and dried. ‘This process was aitended with a loss of « good 
deal of the diastase and it did not yield a pure produet, 

Wroblowski ha« recently published an aocount of some 
researches which he carried out with a view to ascertaining the 
natuee of dinstase, in the course of which he has adopted a 
romewhat different mothod of preparation, He ground some 
malt to a very fine powder and washed it-repeatedly with aleohol 
of 68 tes ent. concentration, in which dinataic is not soluble. 
The will dissolve in a mixture of aleoho! and wate 
which ets contains about 45 per cent. of spirit, He therefore 
extracted the powder twice with an alcoholic solution of a 
concentration, mixing the two oxtracts after filter 1 
separntely;a farther quantity of alochol wns then sce tothe 
mixed filorates ill the concentration again rached 68 per 
cont. when the dinstaso which had boon dissolved was qin, 
cipitated. It was collected on a filter, redissolved in 45 
‘cont, spirit, and again reprecipitated, The precipitate was the 
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during this process shows that a power of reducing eupric oxide 
which ix not possessed by either starch or diastase is rapidly 
oveloped and increases continuously as the netion proceeds. 
‘The series of changes so set up in the starch-paste by 
tho enayme are thus evidently of « complicated charncter. 
‘The action is one of hydrolysis or the decomposition of starch 
together with the incorporation of water into its moleoule, 
leading ultimately to the formation of sugar, But the process 
is o long and gradual one, and starch and sugar are not the 
only two bodies which are met with during tho transformation. 
Certain other products known as dewtrine are found to vectir, 
and one of these is the cause of the brownish-red colour which 
the liquid gives on the addition of iodine at  partioular stage. 
‘The first attempt to ascertain the stages of the action was 
made by Payen and Pervox in 1835, ‘These authors i 
one of the dextrins and described it as a body soluble in waver 
and in weak alcohol and not coloured by iodine, In 1860 
Musculus recognised that dextrin ond sugar are produced 
simultaneously by diastasic action. He described the dextrin 
fa few years later as not colourable by iodine und having no 
power of reducing cupric oxide, He thought it was not further 
acted on by the diastase, but remained as a final product, 
Payen says on the contrary that diustase suecharifies it cusily. 
About the years 1971-2 Griessmeyer, O'Sullivan and 
Briicke, working independently, ascertained that there are ab 
Jeast two dextrins formed, one of which is uncoloured by iodine 
while the other becomes brownish-red with that reagent. 
Britcke gave them the names of achroodeztrin and erythrodes= 
frin, O'Sullivan at that time thought they were really identical, 
and desoribes them as baving no power of reducing euprie 
‘oxide and possessing a specific rotatory powor of [a]y=+ 213% 
He said that malt extract converted them both into maltose. 
Some years later Musculus and Gritber showed that achroo« 
dextrin was not a single body, but that there were at leash 
‘three such dextrins, none of which reacted with iodine. They 
give for the specific rotatory powers of the throe faly= +160", 
+190", and + 150° respectively, Based upon their e3; 
these observers advanced a theory of the starch transformation 





52 PREPARATION OF DIASTASE [cn 


ody intermediate in properties between maltose and dextrin, 
and they gave to this the name maltedestrin, a term originally 
used by Herdfeld, ‘The substance however differed consider- 
ably in ite behaviour from that described by Herafeld ander 
the same name, Brown and Morris conclude however that the 
impurity of Herafeld's preparation, 
that apparently only four-fifths 
of the starch ie readily convertible into maltose they put for- 
‘ward the following theory. Starch has at least a formula of 
5 {(CaF0,),] and consists of five amylin or doxtrin-like groups, 
four of which arw arrunged aymmetrically round the fifth, By 
the action of diastase the decomposition takes plaoe in suc- 
cessive stages, one group of (CEOs being split off at each ° 
step, leaving & dextrin residue, Each group so split off is then 
hydrolysed by the addition of water, forming maltodextrin 
cath and this is further hydrolysed by diastase below 
65° C. into maltose, two molecules of water being taken up. 
‘The last group, around which the others are arranged, under- 
‘goon hydrolysis with grout dificulty and consequently remaine 
ns n dextrin ot the conclasion of the trausformation, ‘The 
maltodextrin being composed of maltose and dextrin they 
term an amyloin, 
‘The reactions of the amylcin are given by them as fllowe:— 

(1) It gives numbers on analysis which allow its com- 
position to be expressed in terms of a mixture of maltose and 
destrin, 

(2) Te cannot be separated into maltose and dextrin and 
is therefore not « mixture but a compound body, 

(8) It is completely converted into multoso by the 
netion of dinstane, while a mixtute of tho two in the mame 
proportion always leaves a residue of dextrin. 

(4) It is unfermentable during the primary fermentation 
by yeast, 

Tn w later paper in 1889, while ndheving to thoir theory of 
the grouping of the starch molecule and the general courme of 
transformation, they come to the conclusion that instead of 
‘one maltodextrin there are several of thom formed, ‘Thay 
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beats the relation to that of an old or w boiled solution of about 
183" to 150. Brown and Morrix have shown that thiv relation 
holds good in the case of freshly prepared products from cold 
starch-paste, + 

$ From these researches there seems little doubt thnt the 
hydrolysis of starch is a gradual and continuous process. An- 
‘other view has been recently put forward by Mittelmeier which 
differs in many of its details from that of Brown and Morris 
According to Mittelmeior the action of diastase on starch occurs 
in two stages; during the first a small portion of the starch 
fe rapidly converted into amylodextrin, erythrodextrin and 
achroodextrin, and sugar, but these dextrins are not identical 
with those formed during the second stage. The author speaks 
of them respectively as primary and secondary doxtrina He 
claims to have isolated primary erythrodestria and primary 
nchroodextrin, The former is insoluble in water, has a specific 
rotatory power [a]) = about +170’, does not react with phenyl- 
hydrazine, reduces cupric oxide, and yields dextrose and maltose _ 
when treated with dinstase, He gives no reactions for the 
other primary dextrin. ‘The sugar from the primary dexteing 
yields maltoszone, while that from the secondary ones gives an 
osazone which is oily in charactor, and melts at 145—148° O. 
Mittelmeier thinks it is derived from a new sugar for which he 
suggests the name metamaltose. 

‘His results have not at present been confirmed, 

‘he natare of the sugar formed by the action of diastase is 
wovording to most observers maltove when the transformation ie 
allowed to taka place under the ordinary conditions of the 
laboratory. Many writers have pointed ont howaver the occur 
rene of gluoose among the products under particular conditions, 
‘and doubts as to the identity of the enzyme in different secre 
tions have been based upon these discrepancies in the final 
results of their activity. 

‘These two sugars differ considerably in their composition, 
maltoes being the most complox, and indeed in certain eiroum= 
stannes one molecule of it splits up into two moloonles of 
glucose, Glucose, or as it is often called dawtrose, is colourless 
and crystalline. ‘The orystals when deposited from water ooour 
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ilycogen forms maltose, Nasse and some other observers 
‘maintain that it is ptyalose. Bial says that the serum of 
blood produces glucose and not maltose. 

‘Tho diserepnney can be explained however in the light 
of more recent researches, The liver has been shown by 
Min: Tebb to contain in addition to the hypothetical dinstase 
another enzyme, gluease or maltase, which converts maltose into 
glucose, The other animal tissues, which have been alluded to, 
‘also contain this enzyme, ns do blood and lymph, ‘The uction 
of the diastase in all these cases gives rise to maltose, which is, 
subsequently but rapidly converted into glucose by the maltase. 
‘This enayme which has only comparatively recently beon dise 
covered will be discussed in a subsequent chapter, 

‘There has been considerable disenssion as to whether there 
are not ab least two kinds of maltose formed during starch 

ion by diastase, Fischer has prepared a sugar by 
the action of hydrochloric acid on glucose which possess special 
characteristics, and he has given to it the name dsomaltowe. 

Tn 1891 Lintnor claimed to have identified this sugar ia 
certain beer-worts. He said that on warming them with 
phenylhydrazine acetate an osazone was formed which in « 
melting point and crystalline appearance corresponded to that 
of Fischer's new sugnr. Later, in conjunction with Dull, Lintner 
stated that he had isolated this body, and the two authors 
published an account of its preparation from the producte of 
the action of diastase on starch, According to them isomaltone 
is a sugar which ferments with yeast very much mor slowly 
than maltose ; it is very hygrosoopio, and possesses a vary sweet 
taste. Th has a specific rotatory power like that of maltose 
(a)p=+ 140°, but its reducing power is only 83 per cent, of thal 
of the latter. It is convertible into maltose by the uction of 
diastase, With phenylhydrazine acetate it forins an oszune 
which melts at 150°—153", 

Tn a later paper in 1496, Lintner says that the conversion 
into maltose ix incomplete, sometimes only 30 per cent, being 
ao changed. He puts forward the further hypothesis that 
thore may ba two stereoisomeric isomaltows, Lintner’s views 
have been oballenged by several observers, Ulrich repented 
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show that somaltose has not been isolated in this case either. 
Kitlz and Vogel have published the results of investigations 
into the aotion of the chiof animal diastasic secretions, with 
special reference to the sugar formod. ‘They used a five per cent. 
solution of rice starch, and identitied the sugar by the phenyl- 
hydrazine reaction, analysing the osazones. They give as the 
results of their several experimenta:— 


Hasan parotid saliva— Isomaltose, 

Mixed human suliva— Tsomultose and Inter maltose, 
with traces of glucose, 

Doge’ saliva— Tsomaltose. 

Ox pancrens— Teomaltose. 


‘Using glycogen instend of starch they foand -— 


With liver glycogen, human porotid saliva gave « mixture 
of isomaltose and maltose in the proportion of 1: 2. 
With muscle glycogen, the same saliva gave maltose only 
when the saliva was in excess; with less saliva they 
obtained isomaltose, with a little maltose and a little 
slacose. 

With liver glycogen, ox pancreas gave ixomaltose, with a 
trace of maltose, 

With muscle glycogen, the sume euzyme gave isomaltose, 
with a little glucose, 


‘The products of the starch trnsformation by dinstase in 
the wnimal body probably differ somewhat from thos which 
are obtained in the laboratory. We have seen that in the 
latter cane the final bodies ate generally maltose and dextrin in 
the proportion of four parts of the former to one of the latter; 
the dextrin being the intractable group around which the four 
uote easily hydrolysable groups are placed, In the body the 
final product seems to be maltose only, Lea, who definitely 
ascertained this fact, nttributes it to the removal of the maltose 
from the region of dinstasic activity us fast as it is formed, Ele 
says that when in the laboratory starch transformations are 
carried out in dinlysing tubes, made of parchinent: paper and 
placed in water which is fi-quently renewed, the final produst 
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shape and showed no sigu of corrosion even when magnified 
very highly. The alteration of the starch was apparently 
uniform throughout the grain. 

‘Du Sablon has examined the transtormations accompanying 
the digestion of starch in several bulbs and other 
reservoirs, especially thove of the Lily, Tulip, Hyacinth, Arum, 
nd Colchicum. He finds it transformed into a sngar, dextrin 
Being an intermediate product. 

‘These experiments, though far from exhaustive, appear to 
show that the course of starch conversion inside the plant is 
the same as that which has been demonstrated in the labora- 


Before leaving the subject of the transformation of starch 
some work published in 1800 by Wijaman calls for & passing 
notice. In all the foregoing experiments it has beon taken far 
granted that diastase is a single enayme, Wijsman holds that 
‘this is incorrect and that under the one name two bodies have 
‘bean included; one of them he calls maltase, which is not 
however the enzyme several times alluded to above, but more 
nearly corresponds to diastase itself in that it converts starch 
into a mixture of maltose and erythrodextrin ; the second one 
he terms dentrinase, and says that the formation of the 
maltodextrin of Herafeld and of Brown and Morris is due to | 
its action. He agrees with the other authors that maltodextrin 
in converted into maltose by his maltase, but sayx that erythro 
dextrin is converted by dextrinase into o dextrin which he 
calls lencodertrin, whieh does not reduce cupric oxide and is 
not coloured by iodine. ‘To show the presence of two enzymes 
in the diastasic solution propared from malt oxtract he adopted 
the method of allowing it to diffuse into a gelatinous mass 
made by adding gelatin to a solution of Lintner's soluble 
starch, When a little dinstasic solution was placed upon a 
layer of the gelatin mixture the progress of the hydrolysis 
could be traced by subsequently woistening it with iodine 
solution, After 1—2 days’ action, the area so treated formed 
& colourless zone bordered by a violet ring, while the gelatin 
with unaltered starch was coloured blac. From this Wijaman 
concludes that the two enzymes diffuse into the gelatin at 
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a red colour with iodine and to redyee Fehling’s solution. The 
sugar can then be removed by dialysis, and subsequent satura 
tion With nmmonium sulphate throws out a gummy precipitate 
which consists of soluble glycogen. After complete removal of 
this body, dialysis for several days is necessary to remove the 
ammonium salt. Concentration and subsequent addition of 
excess of alcohol leads to the precipitation of an etythror 
dextrin 

More prolouged action of the acid, extending over 1—2 
hours transforms both the soluble glycogen and the dextrin #0 
far that iodine ceases to give colouration, Addition of wleohol 
thon causes the precipitatiua of another dextrin, belonging’ to 
the achroo-group, which Like the exythrodestrin first formed is 
‘not precipitated by aummonium sulphate, 

‘Mies Tebb gives the following table, showing the percuntages 
of sloobol necessary to precipitate starch and glycogen and the 
intermediate products of their hydrolysis, 


Hromniage of aleobol mewereary 40 
ee 


peepee pecplaton 


Starch ancl ita produete 
‘Stavch-paste 5 7 
Soluble starch 12 60 
Krytheodextein 45 00 
Glycogen and ite products 
Glycogen s00 00 
Soluble glycogen vs 0 
Krytheodextein “4 90 
Achroodextrin 60 00 









‘The action of the diastase of saliva or malt-oxtract differs 
in some particulars from that of dilute acids, There is no 
appearsnce of soluble glycogen or of grythrodaxtrin, but 
nobroodextrin is always formed. ‘This may only mean that 
the action is 60 rapid in the early stages that the Brat two. 
are directly hydrolysed further. In uddition, a new dextrin 
belonging to the achroo-group appears, which is peculiar in 
resisting conversion into sugor, This body Miss Tebb bus enlled 
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dystropodeatrin, identifying it with a substance previously ob- 
tained by Seegen from glycogen and called by him by the same 
name. It appears to differ from the other achroodextrin by 
requiring greater concentration of alcohol for its precipitation. 

‘The enzyme prepared from the liver acts similarly. 

The sugar formed from glycogen by diastase alone appears 
to be maltose, according to Miss Eves and other observers. 
The liver enzyme yields dextrose as it does with starch, but ax 
already mentioned this is probably due to glucase being present 
as well as diastase in the extracts of this orgnn. 


= 


ot 


CHAPTER V. 
CONDITIONS OF THV ACTION OF DIASTASE. 


‘Trowanour the foregoing discussion of dinstasic hydrolysis 
we have considered the action of diastase on starch in a genoral 
sense, but there are many points which need a further exami- 
nation. Comparing the action of the two varieties of vegetable 
origin we have sven that diastase of translocation dissolves the 
starch grain without corrosion, while the so-called secretion- 
dinsiaw disintegrates the grain before hydrolysing it. When 
these two kinds of diastase are compared with regard to their 
action on starch-paste and on a solution of soluble starch we 
find thie difference of behaviour is emphasised, The enzyme 
of the soutellar epithelium is capable of Tiquefying starch- 
paste with great rapidity, while that of the general vegetative 
ody of the plant has very little power of doing «0, though it 
ean hydrolyse soluble starch with the greatest ease, ‘The 
power of liquefying starch-paste and that of eroding the starch 
grain seem to go hand in hand and to be a property pre: 
eminently of secretion-diastase. This power can be estimated 
separately therefore from the hydrolytic action which is common 
to both varieties, We may indood speak of the liquelying 
power and the power of hydrolysing stareh as in a way soparate 
from each other, though we have no instance of a digestive 
wolution which will carry on the former process and fail to 
secure the Intter. Both those properties of dinstago are capable 
of being modified by variation of the conditions under which 
the action is carried out. 
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sharply from its minimum point than that of the other fora, 
being as high wt 4° C. us is the lattor wt 145°C. Tt reachos 
its optimum point at 45*—50° C,, and thence declines. The 
curve of seemtion-dinstase, though rising slowly, shows that 
the optimum point of action is not reached till 50°—35" 0. 
Complete curves of the action of the two varieties have been 
published by Lintner and Eokhardt, 

‘Miller has quoted figures representing the relative starch- 
transforming powers of diastase at different temperatures, He 
carried out digestions at 0° O,, 10° ©,, 20° C., 80° C. and 40°C, 
and found the relative rates of sugar formation were respec- 
tively 7, 20, 85, 60, and 98, 

‘The optimum point of the action of the enzyme of the 
saliva, and pancreutio juice differs again from those of both the 
vegetable diastases, being apparently about 98°—40° C., the 
tomporature of the body, 

‘Some investigations made in 1892 and subsequent years by 
Béront make it evident that the action of diastase is capable 
of being materially modified by ehanges in the medium in whieh 
it ia at work, He has ascertained that the enayme of malt i¢ 
favoured in ite action by weak traces of mineral acid, w fact 
which wos noted earlier by Baranetzky. Slightly larger quan 
tities of neutral salt, such as sodium chloride, have the same 
effect. Effront hus found further that there ure three classes 
of bodies which have the power of markedly increasing this 
dinstasio otivity. These are salts of aluminum, compounds 
of phosphoric acid, and various amide bodies, amon which 
aspanigin is conspicuous, In his first paper Effiont details 
wome experiments with these bodies which are extromely 
striking, 

MTho| mettiod he ndopted was that’ of -pevparioge Se 
extmet by macerating « giveo weight of ground malt with 
40 times ite weight of wator, The filtered solution waa then 
allowed to hydrolyse a solution of soluble starch, thi various 
bodies influencing the digestion being added at the same time 
‘The following table gives the comparative results of several of 
them — 
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very much in different cases, depending upon the methods of 
manufacture of the malt, 

Tt has been noticed by other observers that addition of 
proteids to mult extracts increases their hydrolytic powers, 
Yeast colls, after their vitality has boen destroyed by boibing, 
have » considerable intensifying action, which is presumably 
due to their proteid constituents, 

A similar influence has been observed in the ease of the 
diastase or ptyalin of human saliva, Chittenden and Ely 
ascertained that peptone has a remarkable effect upon atarch 
‘trausforination, Tn a series of experiments curried out in 1881 
these observers worked with quantities of 100 ce. of Liquid 
containing 1 per cout, of starch, 1 per cent. of peptone and 
260. of filtered saliva. Controls were digested simultaneously: 
in the preparation of which the peptone was omitted. The 
mixtures wore maintained at 40° C. for 45 minutes and thon 
boiled to stop the action of the onzyme, After being diluted 
with water to 500 co. they were filtered und au aliquot part 
of each was titrated with cuprie-potussium-tarteale. ‘The 
percentage of starch converted into sugar was 4 per sent, 
geeater in the presence of the peptone. Similar experiments 
with glycogen inatead of starch yielded the same results. ‘The 
quantity of peptone most favoumble to the digestive process 
war fond to be 1 per cont,; increase of the amount had little 
or no adiitional effect. 

Chittenden and Ely found further that the addition of 
025 per cent, of hydrochloric acid to the digestion containing 
1 per cent, of peptone was still more advantageous; the 
quantity of starch transformed amounting to 48 per cent. as 
against 41 por cent. when saliva alone was used, 

‘Langley and Eves have endorsed with a certain reserve the 
statement of the influence of poptone, but they came to aH 
‘opposite conclusion to Chittenden’s when they added acid in 
addition, In their experiments they found that the maximum 
‘effect of peptone was reached with a rather low percentage of 
‘the proteid; when the saliva was diluted 10 times the most 
advantageous amount of peplone was "l per cont, ‘They stale 
in opposition to Chittenden and Ely that peptone combined 
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inhibitory. ‘The retarding effect increased rapidly as the per- 
contage of the acid was increwved, 

When the proteids of snliva were saturated with acid, they 
found a diminution of dinstasic action, though no free acid waa 
present, ‘Thi diminution was made more marked by the 
addition of the smallest quantity of free acid, 

Chittenden and Ely came to the same conclusion with 
regard to the influence of hydrochloric acid. With 026 per 
eae: letter pcteent ta 8 cigsaton they SE that the 
amount of sugar produced wns about 8 per cont. of 
that formed in a similar digestion baie the acid. Osborne 
and Cainpboll state that the same thing is true of citric acid, 
ag well as hydrochloric, 

Langley and Eves suggest that the beneficial effect of the 
small traces of wcid (‘005 per cont.) noticed by Chittenden and 
Griswold may be explained by the fact that saliva is normally 
fnxintly alkaline, and the acid would probably merely neutralise 
this alkalinity, Saliva, according to ther, works most favourably 
ina completely neutral solution. Chittenden says however that 
its reaction is due to alkaline phosphates and not to free alkali. 

The influence of the free acid appears not to be merely 
inhibitory, but the enzyme is destroyed by it, If acid is ale 
lowed to remain in contact with the diastase for some time and 
is then removed by dialysis, the enzyme has afterwards no 
more power to hydrolyse starch than it has when the acid is 
added to the starch solution in which digestion is going om 

According to Kjeldahl, malt dinstase is made more active 
dy the addition of 20 milligrammes of sulphuric acid to each 
litre of solution, This quantity muat uot be exoceded, for 30 
miilligrammes and upwards afect it projudieially, Fornbach 
makes similar observation, but he attributes the improvement 
caused by the smaller quantity to the action of the acid on the 
phoxphates present in the malt extract, Under normal cone 
ditions the latter contains bibasic phosphates which inhibit 
‘the aotion of dinstase, The acid converts these into monobasic 
phosphates, which accelerate it, After sufficient acid has been 
added to effect this change in the phosphates, any further 
quantity remains free and inhibits the dinstase, us the othur 
observers quoted have pointed out. 


—__ 
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obsorvers ngrea in noticing this, though they diffor us to the 
amount which rosists the change. Musenlus only succeeded in 
‘transforming 33 per cent. of the starch he used; Payen was 
able to convert 527 per cent., while Brown and Morris give 
4 the usual result of a starch transformation 80 per cent, of 
‘maltose, and 20 per cent. of dextrin. 

‘As the digestion proceeds more and more difficulty is found 
‘to attend its progress, ‘This is possibly due to an inhibitary 
action exerted by the products of the hydrolysis. Sheridan 
Lea has thrown some light upon this question by carrying 
out starch transformations simultaneously in flaske and in 
dialysing tubes suspeuded in a stream of running water, Th 
the former apparatus the difficulty noted by other observers 
was met with, but in the latter nearly all the starch was con 
‘verted into sugar. Lea states that under such conditions the 
rate at which the digestion takes place is increased, and the 
total umount of starch converted into sugar is much greater, 
while the residue of dextrin is much less than under conditions, 
otherwise similor, when the products are not removed. Brown 
and Morris deny that the inhibition is due to the prosenee of 
maltose, They found that when maltose was added to a 
‘mixture of starch and diastase, the conrse of the action was not 
affected but that 80 per cent. of the starch still underwent 
complete hydrolysis, 

When « digestion is prolonged, this inhibition is seen aven 
iin gloss vessels to be only a retarding of the uetion. Brown and 
Morris quote one experiinent in which digestion was continued 
for 20 days, chloroform being used to. prevent putrefuctive 
changes. Ab the end of that time 924 per cent, of the starch 
dissolved had been converted into maltose, 

Auother fact of great interest is that dinstase is not ex- 
hausted by continued activity. This we have seen to bea 
property of enzymes in general, It was first established by 
Foster in the course of an examination of the propertion of 
saliva. Moritz and Glendinning have noticed the same per 
culiarity in the caso of malt diastase, which they ‘say ia ns 
potent at the end of a fermentation as at the beginning, #o long 
as the temperature is at or below the optimum point. If the 
digestion is carried out ab a point higher than this, the enzyme. 
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eniture medium in this case does not appear to be the sume as 
in the onse of the micro-organisms already mentioned, 

Tn ‘ome othor experiments the same authors found that 
while certain barley embryos attacked and dissolved starch 
grains suspended in golatin, others, precisely similar, left the 
starch untouched when a small amount of an assimilable sugar 
had been added to the gelatin-starch medium, Tn this case, so 
Jong a9 any sugar ronmined unabsorbed by the young plantlet, 
the starch grains escaped disintegration. ‘They were attacked 
however as soon as the supply of sugar was exhausted. 

‘The anthors ascertained that in these cases there was no 
question of inhibition of the action of diastase by the sugar, 
Dut that in the presence of the latter, the epitholial cells of 
the soutellum actually did not secrete the enzyme, This ine 
hibition of secretion was only eansod by such carbohydrates as 
were directly wsimilable by the embryos, other carbohydrates, 
especially mannitol and lactose, which are of no use in 
nutrition, being incapable of exerting any inhibitory power, 

Not only the complete embryo but sections of the scutellum 
covered by the epithelinm showed this inhibition of sweoration 
by assimilable carbohydrates, 

‘Tho phenomenon of secretion in the case of the soutellar 
epithelinm appears to be ono associated with starvation. As 
Jong as rendily assimilable substances are supplied the socretion 
of diastase doos not take place, but when no auch substances 
are available, dinstase is formed at once, 

When barley is examined during the process of germination, 
the epithelium ix found not to begin immediately to seerete 
the ensyme, Petit, who has studied the question, has aacer- 
tained that diastase doos not appear in germinating barley till 
‘the fourth day. Tt reachos  maximuim almost at once and then 
sgridually diminishes till the ninth day, when the grain contaime 
about one twentieth part of what it possesses at the maximum, 
‘This fact enpports Brown and Morrisis view of the stimulna to 
sceretion being one of starvation. During the early part of the 
period of germination the embryo is foeding upon the carbo 
hydrates it contains: its needs at that poriod are small, and it 
4a not till growth has become vigorous that it needs to draw 
‘upon the resorves deposited in the endosperm, After the ninth 
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the glands are supplied, the appearances lead to the conclusion. 
‘that such stimulation produces the changes in the gland cells 
which indicate w formotion of the solid constituents of the 
secretion from the protoplasm of the cells, and o subsequent, 
extrusion of thum together with a cortain flow of Auid derived 

from the lynyph with which the secretory tubules are bathed. 
‘The physiological object of the secretion of diastase must in 
nearly all cases be the digestion of solid starch or glycogen with 
4 view to the absorption and utilisation of the soluble and 
diffusible products which the enzyme forms. 'This digestion 
may be extracellular, as in the cases of the secretious of saliva, 
Pancreatic juice, secrotion-dinstase ns supplied by tho soutellar 
‘epithelium, and certain bacterial diastase, Again it may be 
intracellular a5 in the cases of the liver, and the ordinary 
vegetable reservoirs, such as potato tubers, ‘The translocation 
of starch in the cells of foliage leaves and other green parts of 
. plants belongs to the eae class of phenomena. The iminediate 
result is in both cases one of nutrition, either of the whole 
organism, ot of the cell in which the changes may be seen, 
Tn the guard-cells of stomata the transformation of starch 
appears to have a different meaning. ‘The function of these 
colls is primarily if not entirely the regulation of transpiration, 
‘or the escapo of watery vapour from the interior of the plant, 
When the guard-colls aro turgid from the absorption of water 
into their interior, they become convex and separate alightly, 
ES pcaeaeem ee The 
working of the stomata consequently depends upon their 
power of absorbing water from the cells on which their guard- 
cells abut. This water is attracted into them by osmosis, and 
‘this physical process depends upon their containing substances: 
which have an attraction for water, or an osmotic afinity. The 
by starch is practically nil, but sugars and the 





osmotic powers which must be of great value in causing: 
‘chavge of shape in the tees Sone et ie a 
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the interior of the cell, or may extend through several cells, 
forming 0 comparatively large aggregation, visible in such a 
‘cass to the naked eye, The fleshy roots of the Dandelion 
(Parazacum), the Holicampaus (Inula Helenium), also yield 
theso crystals on similar treatment. 

In the cells of the tissue of the bulb-scales of the snowdrop 
(Galanthus) and other Amaryllidaceae the crystalline appearance 
is not s0 readily presented, but the inulin may be detected im a 
somewhat am form. 

Tnulin is insoluble in cold water, but may be prepared from 
these plants by boiling tbe time containing it with lage 
quantities of water, concentrating the decoction so obtained, 
and allowing it to stand till it deposits a sediment. ‘This must 
then be redissolved in a small quantity of hot water, decolour- 
ised by boiling with anitnal charcoal and again concentrated, 
when fairly pure inulin is gradually deposited. It can be farther 
purified by rodissolving it and ngain evaporating, when tbe 
inulin is once more precipitated; finally it should be well 
washed with cold water containing « little alcohol, 

Inulin so prepared is a white powder which is mudily 
soluble in warm water and which remains in solution whon the 
Hiquid cools, Very little can be dissolved by cold water, and it 
is insoluble in aleobol. A solution of it can be precipitated by 
the addition of the latter reagont, the precipitate 
when the percentage of alcohol in the liquid reaches 68. 

‘The composition of inulin, like that of starch, eannot yet be 
‘said to be definitely ascert . The formula usually given 
for it is ©,H..0y 24,0. Under the action of hydrating agents 
wach os mineral acids it is converted into fructose, a sugur 
which has a Inevo-rotatory power (¢])=—106°, Inulin itself 
has a specific rotatory power of fa]y=—30-0". 

Inalin can be converted into fructose by boiling its watery 
solution under pressure, or by allowing it to remain in contact 
with cold water for a longthoned period, care being taken to 
prevent the access of micro-organinms, 

In the process of germination of the tuber, or in the 
resumption of growth of the plant from the fleshy reots, thé 
transformation of inulin into sugar is brought ubout by the 
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surrounding the unboiled extract continued to give a copious 
reduction of Fehling’s solution, 

Similar results wore obtained when the digestions were 
carried on in glass vessels, a continuous formation of sugar 
doing indicated. 

Coincidently with the appearance of sugar in the dialysates, 
the amount of inulin in the parchment tubes underwent « 
rogular diminution, ‘The amount of precipitate thrown down 
by alcohol from the fluid contai the unboiled extract of the 
tubers bocamo less and loss as time went on, measured quantities 
being withdrawn for each observation. Similar quantities 
taken from the controls showed no such diminution, 

From these results it is evident that the germinating 
artichoke contains an enzyme by whose instrumentality inulin 
is transformed into vome form of reducing-sugur. The time 
taken up in the experiments is possibly to be accounted for by 
the very small quantity of the enzyme present and its dilution 
in the process of extraction. In the artichoke it is probable 
that it only exists at any particular time in the cells whose 
contents are actually being hydrolysed, and as it takes several 
weeks for the conversion into sugar of the inulin present in any 
tuber, there must be very little of the enayme to be found at 
any one moment, 

This enzyme, inulase, cannot bo found in the tuber in the 
resting condition, nor is it easy to demonstrate ite presence 
‘until the young stems begin to emerge. Once found, however, 
‘its presence can be demonstrated so long as any inulin remains 
in the gorminating tuber. 

During the progress of the growth of the young stems, they 
‘may be fonnd to contain inulin, which occupies the centre of the 
shoot and leaves the circumference free. Toulin possesses » 
feeble power of dialysis, and it is no doubt by means of this that: 
‘it pases from the tuber into the shoot, The inulin cannot be 
traced up to the growing point, but stops abruptly just behind 
the actively growing zone, Tt is accompanied in ite progress by 
sugar, which extonds further forwards towards the growing point. 
‘The transformation under the action of inulase is not therefore 
confined to the tuber, though it originates there. The enzyme 
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confined to the cells in which the actual conversion of the 
inulin is taking plioo, 

‘The action of inulase can best be studied by carrying out 
the digestion in dialysing tubes. In the author's experiments 
such digestions were carried on under antiseptic precautions for 
several days, the dialysates being changed every 24 hours, 
The first three days’ dinlysutes were rejected, to ensure that 
whatever might be found in the later ones besides inulin should 
be only the producta formed by the action of the enzyme, ‘The 
finid was of course bulky and contained only » relatively small 
qnantity of carbohydrates, The later dialysates were mixed 
and concentrated over water baths till of small volume, when 
they had a syrupy appearance und consistency. ‘The syrupy 
liquid was found to contain threo bodies which could bo 
separated from each other by treatment with alcohol. The 
first of them was a sugar which was sepnrated by extracting 
the residue with absolute alcohol. About half of the syrup 
dissolved, and on concentrating the alcoholic liquid over a 
water bath, it again became ayrupy and remained so, refusing 
tw crystallise, even when exposed over strong sulphuric acid, 

Aftor separation from the sugar the residue was treated 
with cold and subsequently with hot water. A good deal of it: 
dissolved in the cold water, which indicated that it was not 
composed of inulin, as this is insoluble until the waver is 
warmed, The residue insoluble in cold, but soluble in hot 
water, was found to consist of inulin, which having a feeble 
power of dialysis had paseod through the imembranw during the 
lator stages of the digestion, 

The two solutions were mixed and alcohol added gradually, 
When the liquid contained 65 per cont. of alcohol the inulin 
separated out as a crystalline precipitate. ‘This was filtered off 
and more alcohol added. When 82 por cent, of spirit was 
present the liquid became opalescent and gradually a very 
finely-grupular precipitate settled ont, In 100 parts of the 
residue there were about 625 parts of unchanged inulin aud 
375 parts of this second body, which appeared to be an intor= 
mediate body resulting from the wotion of the inulase, 

‘On concentration of the watery solution of this substance it 


i 


r 





8s INUTASE [cn 


containing 1°32 per cent, which was mixed with inulase and 
left at the tomperature of the laboratory till digestion was 
complete. As it proceeded, the rotation of a ray of polarised 
light by the digesting liquid wus observed at definite intervals 
of time, the temperature being noted at cach observation. 

‘The results ure expressed in the following table, 


Peroantage of 
y 
Grn Fle oo 
= 1-06 ° 
IWhours —- — 2408 osm 
By =243 1288 
4 =25 1371 
8 = 258 1403 





‘Tho inulin nsed had a specific rotatory powor of (a))=—890", 

From this calculation Bourquelot concludes (1) that the 
proportion of reducing-sugar actually formed attained nearly 
that which could theoretically be yielded by the inulin originally 
present (2) thut, reckoning the influence of the temperatures 
noted on the rotatory power of levulose (fructose), the observed 
rotation in the last observation corresponded very closely to 
that which would be given by a solution containing « propor- 
tion of levulose equal to that of the reducing-sugar found. 

It thus appears that under the action of inulase, the inulin 
used (propared from Aéractylis) was converted almost entirely 
into levulose (fructose). 

Bourquclot, calls attention to a farther fact of somo interest. 
When jinulase is added to @ solution of inulin, alcoholic fer- 
mentation by yeast ean be induced in the mixture, Now 
inulin does not undergo the alcoholic fermentation, while 
levulose does a0 readily, 

Tnulase is not present in the resting tuber of the artichoke, 
‘as wo have seen above, It can however be prepared from 
such tubers before germination begins. If they wre minced 
and kept for 24 hours at a temperature of 35° ©, the extract 
prepared from them posserees the power of hydrolysing inulin, 
Without the preliminary warming such an extract is quite 
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CHAPTER VIT. 
OYTASE, AND OTHER CELLULOSE-DISSOLYING ENZYMES. 


Iw the seeds of many plants, especially among the Mono- 
cotyledons, the earbohydmte reserve food-material for the 
nutrition of the embryo during germination takes the form of 
extremely thickened cell-walls, usually those of the endosperm in 
which the young plantlet is embedded. In other cases cell-walls 
‘of comparatively little thickness verve the same purpose, though 
‘to a much smaller extent, as may be seen in the barley and 
other grasses. During the germinative processes these coll- 
walls are dissolved and disuppenr, undergoing transformations 
comparable with those of starch so far as to yield ultimately 
some form of sugar. Tt hns been usunl to regard these cell-walla 
na composed of cellulase, but recent resoarches show that they 
fire of a more complex nature than haa been supposed. 

‘The composition of the cell-wall varies very greatly in 
different plauts, and indeed in differeat parts of the same plant. 
In addition to collulosy it contains bodies known as pectoses, 
which include several very complex substances. The term 
cellulose itself is now taken to cover a very largo class of plant 
constitnents, the members of which show considerable differ- 
ences in propertics and in facility of decomposition. The 
gradual utilisation of the cell-walls of difforent endosperms 
involves very complex changes, in which both celluloses and 

% are concerned, 

‘The cellulose bodies according to Cross and Bevan fall into: 
three distinct categories us under: 

(1) Those which offer @ maximum resistance to hydrolytic 
action, and which contain in their molecule no directly active 
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‘The two series are closely related to each other, for by the 
action of heat, acids, and alkalies, the various members of both 
‘can be prepared from pectose. The final product of the action 
of the reugonts is the froely soluble metapectic acid. 

Mangin gives their characteristic peoulinrities as under :— 

Peetose. The actual properties of this substance are not at 
all eaay to ascertain, nor can they be said to be well known, 
‘The material is so closely associated with cellulose that it has 
not yet been obtained pure. The reagents which separate it 
from cellulose convert it either into pectin or into pectio neid, 
the former being soluble in water, the latter in alkalies, The 
coll-wall can be shown to contain the two constituents by the 
action of Schweizer’s regent (ammonio-cupric sulphate) which, 
whea used with proper precautions, dissolves out the cellulose 
and leavos the framework of the ecll apparently unaltered ; it 
then consists, however, not of pure pectose, but of a compound 
of peotic noid with the copper of the reagent, 

‘Pectine. ‘This body swells up and dissolves in water, forming 
a viscid liquid which soon becomes a jelly, It exists in con- 
siderable quantity in mauy ripe fruits and in some mucilages 
It gives no precipitate with noutral acetate of lead, but is 
‘thrown down by the basic acetate in the form of white flocenli, 
Tf boiled for several hours in water, it is converted into an 
isomer, parapectine, which is precipitated by neutral load 
acetate, Further boiling with dilute acids converts it into 
metapectine, which is precipitated by barium chloride, 

Pectic acid. This body is insoluble in water, alcohol, and 
uoids; it forms soluble pectates with alkalies and insoluble ones 
with the metals of the alkaline earths, of which caloie pectave 
in most widely distributed, It dissolves in solutions of alkaline 
salts, such as the carbonates of sodium and potassium, stannates, 
alkaline phosphates, and most organic ammoniacal salta, forming 
with them double sults, which gelatinise more or leas freely 
with water, Its solution in alkaline carbonates is mucilai- 
nous, but when ammonic oxalate is the solvent it is perfeotly 
Himpid. 

‘Metapectic acid, This is a body with an acid reaction, 
freely soluble in water, and forming soluble salts with all 
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derived from the transformation of starch, During germination, 
such transformations are brought about by the action of an 
‘ensyme, which has been culled eytase, though how fur this is a 
single enzyme, and if 60 which of the constituenta it attacks, 
cannot at present be said to be fully ascertained. A sismilar if 
not identionl enzyme has been discovered to exist in certain 
fungi, It may be that we have several such enzymes, or there 
amay be only one, 

‘Whe existence of cytase has not been known for many 
years, onr acqawintance with it dating back only to 1886, when 
it was discovered by De Bary, In some investigations into the 
life-history of a poculiar fungus, Peziza aclerotiorium, he 
found that while normally a saprophyte, it could under certain 
conditions become a parasite, and that then it frequently 
attacked reservoirs of reserve-materials, such ax the roots of 
carrots and turnips, In its behaviour it appeared to live 
suprophyticully, though infesting the tissue, Its hyphao 
or some of theth excreted something which poisaned the cells, 
the lattor thon yielding a nidus in which the hyphae spread and 
multipliod. In its attack upon tho living tisstes this Peaiza 
formed dense masses of mycelia in the interior of the roots, 
softening them as if they had been boiled. Besides assuiling 
reservoirs like the roots, it was capable of infesting the stems 
of living plants, and produced there the same curious softening 
of the substance. Microscopical investigations showed that the 
hypha grew especially between the cells, destroying the middle 
Inmella and converting the cell-walls into a setni-mucilaginous 
material, On studying cultures of the ascospores of this fungus 
De Bary observed that each developed a mycelium of branched 
feptate hyphae, and that these formed curious organs of 
attachment composed of branched hyphae in the shape of a 
kind of tassel, which eventually gained the power of penetrating 
through cellulose, If the culture was made upon a young 
aocdling, Petunia violacea being poculiarly suscoptible to ite 
wttacks, these organs of attachment ultimately killed certain 
cells of the epidermis and effected an entrance into the sub- 
|jncent tissues, in which the hyphae xubsoquoatly ramified. ‘The 
colls in the neighbourhood of the hyphae were curiously 
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towards the cavity of the moist chamber, and coming into 
contact with the sides of the latter attach themselves to the 
glans just ax do those first described. ‘These attaching organs 
in many respects resemble thowe described by De Bary, 

At may frequently be noticed that when attachment is not 
made, the tips of the hyphus exude small drops of a translucent, 
‘more or less viscous fluid, which contains a number of minute 
brilliant grannies, the protoplasm of the hypha becoming 
extremely vacuolated. ‘The exudation may go on for a few 
hours, the drop becoming more and more granular, and its colour 
changing to a pale brownish-yellow, ‘The drops when tested 
by microchemical reagents appear to contain quantities of 
proteid matter, suggesting, in connection with the vacuolation, 
‘thnt they are composed either of the protoplasm itself, or some 
substance derived immediately therefrom, 

‘Those drops contain the enzyme eytase, which thus appears 
to be @ secretion of the protoplasm of the hyphae. Such 
granules aa have bean described are often found to be associated 
with the formation of enzymes in other cases, The secretion 
ix nob the pure enzyme, but is complex in composition, con- 
taining various proteid bodies, os already demonstrated, The 
‘evidence which points to the existence of the enzyme in the 
drops is twofold, ‘The tips of the hyphae which extrude the 
drops have boon observed to penvtrate into and through the 
coll-walls of thin sections of parenchymatous tissue placed with 
‘them on a glass slide on the stage of a microscope, Further, a 
‘watery extract of such a mass of hyphae will cause unchanged 
coll-walls to swell up when thin sections of parenchyma are 
placed in drops of it, 

‘Tho localisation of the enzyme in the tips of the hyphae 
suggests that the softening of those tips when they come into 
contact with the glass of the cover-slip, or the side of the moist 
chamber, may itself be dne to the action of the ferment, the 
deliquescent matter which has been described as 
the melee of the attached branches being transformed cellulose, 

made mucilaginous in order to adhere to the surface. 

‘The action of the cytase may be seen also in the process of 
the growth nnd branching of the hyphae. 'The ferment is 
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these three modifications of cell-wall we have seen to be very 
varied, and it doos not appear very evident what ia the par- 
tioular chemical change which is brought about, To this 
point reference will be made Inter. 

It was stated above that a watery extract of an active 
anyoelium possesses the powor of causing the cell-walls to swell 
up when a picce of tissue is placed in it, ‘The enzyme can be 
thus extreted from the fungus by artificial means; it is 
moreover actually excroted from the mycelium into the 
‘nutrient fuid in which the latter is cultivated. If either the 
culture-medium or the expressed extract is boiled the power of 
dimolving collslose is lost, the cytase being destroyed. This 
destruction of activity on heating may indeed be taken as 
evidence that the action is really due to an enzyme, 

Microscopic examination of a thick coll-wall exposed to the 
action of aytate shows that the action of the lntter resembles 
that of dilate mineral acids, the successive laminae of the wall 
becoming evident and each lamina in turn swelling up, and 
ultimately dissolving. 

Cytase may be prepared from wuch cultures as have been 
described by grinding up the mycelium with sand, and pressing 
‘out the fluid from the resulting polp. It should then be 
filtered and the filtrate allowed to fall into a large excess of 
alcohol, when a precipitate will be thrown down, flooculent in 
character, partly umorphous, and partly crystalline, In this 
condition it is very impure, being mixed with several other 
bodies. On dissolving the precipitate in water the solution will 
be found to possess the property of the original liquid, and to 
dissolve cell-walls with some facility, The middie lamella 
between the cells of a piece of tissue placed in either is the 
first part to disappear; the cells become separated and their 
walls show evident lamination and swelling, 

Cytase is seen from these observations of De Bary and 
Marwhall Ward to be accreted by fungi, and to play an im- 
portant part in their development and in their nutrition. 
Confirmation of their results has been obtained more recently 
dy Kaan, who has snparated a variety of cytase from Rhizopus 
nigricans. What part of the fungus it resides in haa not. boon 
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Brown and Eacombe have observed similar changes taking 
pluco in the endosperm of barley grains from which the embryo 
Is been carefully removed. The changes begin immediately 
underneath the aleurone Iyer and spread thence into the 
interior of the grain. ‘The first effoct of the germinative process 
is the separation of the aleurone Inyer from the cells beneath it 
by the solution of the cell-walls of that region, 

Tf the progress of the dissolution of the cell-walla is 
carefully followed, the course of events is seen to be tho 
following: at first the cell-wall swells up slightly and its 
stratification becomes very apparent; the separate lamellae are 
then gradually disintegrated, the middle lamella being the 
most resistant. Ultimately the whole of the cell-wall is broken 
down into very minute spindle-shaped fragmenta, with their 
Tonger dimensions arranged tangentially to the original voll- 
wall, Finally these fragments also disappear. ‘The whole 
contents of the region of the endosperm affected become mealy, 
even before the starch begins to be dissolved. 

The same course of action can be traced in other grasses, 
notably Bromus mollis, and B. asper, where the walls of the 
endosperm cells are very considerably thickened. 

The extent to which the dissolution of the cell-wall precedes 
‘that of the cell-contents was mensiired by Brown and Morris in 
some barley grains that bad been germinated for 8 days. At 
that period ull tmces of cell-walls had disappeared from most 
of the tinsue in the proximal region of the endosperm ; ine 
dications of action on the starch-grains did not then extend 
further than 015mm, from the scutellum. 

‘The extraction of cytase from the germinated barley can 
be effected with considerable ease. If an extract of airdried 
malt is prepared nnd sections of barley immersed in it, the 
parenchy:natous tissue becomes disintegrated in about, 24 hours, 
the cell-walls either disappearing or remaining in a much 
swollen and altered form. Previous heating of the extract to a 
temperature of from 60°—70° C, destroys its activity, the tissue 
then remaining in it unaltered for an indefinite time. Nor is 
the action confined to sections of barley, for pieces of potato 
immersed in it love their coherence in @ few hours, and fall to 
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entirely to the enzyme sugreted there, the secrotian of the seu- 
tollar epithelium being at that timo of subsidiary importance, 

Cytase exists not only in germinating barley, but in 
certain varieties in the resting grain also. ‘There appears 
to be some relation between its occurrence and the climatic 
conditions under which the cereal is cultivated. The more 
perfoct the latter, the less of the ferment. is present. Brown 
elaten that the presence of the enzyme can be demonstrated in 
a cold-water extract of the grain, and its influence in the self- 
digestion of the cell-walls is often distinctly noticeable when 
‘the coarsely ground meul is macerated with water form short 
time at a temperature of 35°—40° C, 

Brown has found evidence of the presence of eytase in rye 
‘ond in pats, the latter being especially rich in it. ‘An aqueous 
infusion of raw oats is in fact much more active in swelling and 
dissolving cellulose than an extract made from an equal weight 
of air-dried barley malt, 

Cytase is not capable of resisting eo high a temperature us 
dinstase, being destroyed at 60°—65" C,, while diastase needs to 
he heated to 70° C. 

‘Though the grasses have been shown to be especially rich 
in cytase, this enzyme can be shown to be present in other 
plants, It has been examined by Gardiner in the endosperm of 
Tamus conmunia, where it can be observed to attack the 
thickened cell-walls during the germination of the seeds. The 
cell-membranes of this endosperm exhibit the continuity of the 
protoplasm of the contiguous cells, threads of it being traceable ~ 
through the walls even before they become thickened, The 
eytase is secreted in the interior of the cells and passes along: 
‘the connecting threads into the substance of the wall soon after 
germination has begun. The penetration begins at several 
spots in the wall, and when the cytase hus once entered them 
its action can be traced through the substance of the membrane, 
quickly causing ite complete disorgunisntion. ‘The walls on. 
being attacked do not swell so markedly as in the cases already 
mentioned, but their stratification or lamination becomes very 
evident. The middle lamella in this case is the least resistant: 
to the action of the enzyme. 
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exists, it is in very small quantity at any time, and hence may 
well escape the ordinary process of extraction. 

‘Tho first of tho Palm seeds investigated was the Date 
(Phenix dactylifera), upon the germination of which Sachs 
published some observations in 1862. ‘The embryo lies em- 
‘bedded in about the middle of the hard seed, and on germination 
it romains attached to it by a portion of the cotyledon, which 
becomes translormed into an absorbing organ, ‘This continually 
enoroxches pon the endosperm as the young plant grows, 
‘until the store of cellulose is exhausted. ‘The surface of this 
absorbing organ ia covered by an epithelium which strongly 
resembles the scutellar epithelium of the grasses, Sachs 
suggested that the cells of this layer excrote # cytase, but he 
did not definitely prove it, 

Griiss states that there is an enzyme present in these seeds, 
which acts on the reserve cellulose, but very slowly, Tt probably 
yields mannose aa the final product, 

‘Tho writer mado a series of observations in 1887 on the 
germination of the seed of Livistonia humitis, which has a 
similar structure to that of Phoenix. The progress of events 
‘was the same as that observed by Sachs, The epithelinm cells 
were very granular and stained deeply with iodine ans with 
Hoffinan's blue, By the use of these and other staining 
reagents some sdditional facts wore obtained bearing on the 
behaviour of tha cellulose, After two months’ germination the 
absorbing organ had penetrated about half-way through the 
endosperm, ‘The celle of the latter in contact with the cotyledon 
were broken away at their edges, and when chlor-aine-iodine 
was applied to the affected area, tho calls nearest the cotyledon 
stained a doop violet, while those farthor back were coloured 
only a palo blue, Two well-marked zones thus became 
evident, which diffored in the chemical or physical constitution 
of the cell-walls An aqueous solution of iodine stained the 
inner zone a pale blue, but did not affect the onter one, When 
Hoffman's blue was used as a reagent the inner zone was 
coloured very deeply towards its outer part, while the coloration 
yas gradually paler ond paler as it was teed towards the 
waaltored endosperm, The outer zony, slightly affected by 
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of the date. In the Intter case the process was one 
of corrosion followed hy solution, as in the case of Livistonia, 

In some investigations upon various gums and the trees 

fielding them Luts has found that in Acacia gum-reservoirs 
occur in the bark and in the perieycle. These consist of lacunae 
caused by an enormous swelling und ultimate deliquescence of 
tho coll-Walls, His axperiments havo led him to suggest that 
‘this formation is due to a kind of cytase, 

Elfving’s observations on the germination of the pollen of 
‘the grasacs point to the existence of eytase in the pollen tube, 
which was found to penetzate the tissue of the style by boring 
its way through the middle lamella of the cells, and not entering 
their cavities, 

De Bary describes the behaviour of w micro-orgunismn, 
Bavillus amylobactor, which is an agent in the destruction of 
decaying parts of plants and which acts by destroying the coll- 
membranes, He says ib decomposes the cellulose, forming 
dextrin and glucose, and that it does so by disongaging an 
enzyme, Tt does not attack subsrised membmunes, nor those of 
Dast-fibres, of submerged water-plants, of Mosses nnd many 
Fungi, bat it rupidly decomposes the cell-walls of fleshy and 
juicy tissues, such as those of leaves, herbaceous stems, and the 
‘softer kinds of wood, 

‘The digestion of cellulose in the intestines of animals 
js probably brought about by similar orgunisms, No definite 
evidence of the presence of oytase in these microbes is at present 
forthooming. Do Bary does not quote exporiments proving the 
formation of the enzyme jn the cases he mentions, and for the 
prosent it can hardly be considered established. The course of 
‘the decomposition too 98 suggested by him does not rest on an 
experi basis, 

On the other hand certain experiments point to the exist- 
‘once of cytase in some animal secretions, Griffiths has found 
‘that the digestive fluid which is present in the intestine of the 
earth-worm dissolves cellulosa. More recently Biedermann and 
Moritz have shown that the secretion of the so-called liver of 
the snail (Helix pomatia) contains » very wotive enzyme which 
‘attacks not only the hemicelluloses of the cell-wall, but the 
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nose is obtained in rolatively lange quantity from many seeds, 
especially those of Phytelephas, aud pentoses from the seeds of 
the cereal grasses and of eeveral logueninoue plants, 

Reiss hos stated that in the hydrolysis of cellulose obtained 
from the seods of Phanin and Phytelephas, a body corrospond- 
ing to dextrin is first formed. It is Imvo-rotatory. By further 
hydrolysis it yields 8 dextro-rotatory sugar, identical with the 
seminose of Tollens and Ganz, Schulze obtained both galactose 
and a pentoso, probubly arabinose, from the thickened walls of 
the cells of the cotyledons of Lupinus luteus, 

Bouruelot and Hérissey have reoontly described a variety 
of cytase to which they have given the name pectinase, and 
which they have found capable of acting on pectine, destroying 
its power of golotinising, und giving rise to « reducing-sugar. 
‘Thay prepared it from germinated barley which had been slowly 
dried at a tomperature of 30°—35° C., by extracting it with 
chloroform water and adding alcohol till a precipitate fell. The 
precipitate was collected and dried én vacuo, In three vessels 
they prepared the following mixtures : 

(1) 16 co. of a 1 per cent. solution of the precipitate, 

and 15 ¢, of a 2 per cent, solution of pectine 

(2) A-similar mixture, but the enzyme solution was boiled, 

(3) A mixture like the first, with the addition of -05 grm. 

of chalk, 

‘Those wore then digested at the laboratory temperature for 
42 hours. At the end of this time mixtures (1) and (3) had 
lost: the powor of golatinising, which was not affected in (2). 
‘Alcohol gave an abundant gelatinous precipitate with (2) but 
not with either of the others, Titrated with Febling’s solution, 
(2) gave no reduction of the cupric oxide, while (1) showed the 
presence of 11 mgrms. of sugar computed as glucose; (8) con- 
tained 36 mgrms, of the same sugar. ‘They attribute the 
difference betwoen (1) and (3) to the fecble acidity of the 
pectine, which retards the action of the enzyme. This acidity 
‘was noutrallzed in (8) by the chalk. 

‘Tt is not clear that this onzyme is different from thay 
Aiscovorod by Brown and Morris, 

From consideration of all these experimenta there appoar 
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fecbly nt first, but becomes vigorous aus soon as chlorophyll is 
developed in the young seedling, 

In his experiments Efftont proceeded as follows :—Seeds 
of the Cerob were bruised in 4 mortur, und extracted with 
water to which a few drops of chloroform had been added, and 
‘they wore allowed to macerate for 24 hours at 30° C., after 
which they were pressed and the extract filtered, The latter 
‘was then examined for the enzyme, Glass vessels were taken 
and in each were placed 50 c., of water, “Lo of normal 
formic acid and 1 gram of powdered earoubin. After mixing, a 
‘measured quantity of the extract was added to each, and a little 
chloroform used ns an antiseptic, Controls were prepared in 
each case, in which the extract used had been exposed for half- 
‘au-hour toa temperature of 90° C. The activity of the extract 
‘was estimated by the degree of gelatinisation remaining in each 
case after a definite interval. The controls were found to 
remain completely gelatinised, while the mixtures prepared 
with unbented extract were liquetied more or less completely, 
the amount of viscosity remaining being inversely proportional 
to the quantity of extract usod, ‘Tested in this way, the latter 
was found to liquefy the caroubin and subsequently to convert 
it into a reducing-sugar. At the moment of liquefaction only 
traces of the Inttor were present, but from that point onwards 
the cupric-reducing power of the digestion continued to incruase 
os long as the experiment was continued, When an excess 
of aloohol was added to the liquid at the moment of hquofaetion, 
it threw down a precipitate consisting of an intermediate pro- 
duct, which was strongly dextro-rotatory and freely soluble in 
water, This body was easily hydrolysed into sugur by the action 
of dilute mineral acids, 

‘The sugar reaulting from the action was found to be uns 
erystallisable, and to be a hexose. It was fermentable by yeust, 
nnd with phenyl-hydvazine acetate it yivlded an osuzone whioh 
molted at 188°C. ‘The sugar had the same reducing power as 
glicose, but its specitic rotatory power was (2) p=+! 

‘Effront states that the enzyme can bo precipitated by 
nddition of five times its volume of alcohol to the extract of the 
toed, Io his experiinents he was able by the method desoribed 
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converted into lignin, The change takes place gradually, and by 
appropriate solvents the newly-formed matter can be separated 
from the rest of the mombrane, leaving the latter apparontly 
intact. Lignifieation is thus not a mere infiltration of lignin into 
the body of the wall. ‘The substance of the woody wall seems 
‘to be a compound of cellulose nnd lignin having the composition 
of an othor, ‘The liguin ean be recognised by turning red when 
treated with phlorgincin in the presence of a weak mineral 
acid. 





Many fungi have been found to live upon lignified cells, 
their mycelium penetrating the woody walls and deriving a 
certain amount of their nourishment therefrom. Among these 
fungi may be mentioned Meruliua lacrymans, Plourotus pub- 
monarins, aud Sterenm. hirsutum. 

Coapek has found that. an enryme is presont ia the mycelia 
of these plants, and that it can be extracted from them by the 
ordinary methods. ‘The extract so prepared ean oilect the 
decomposition of woody substance if macerated with it. for 
some days, and can bring the lignin constituent into solution, 
“leaving the cellulose framework intact, He made a watery 
extract of the tissue of the fangus, and after addingsto it a 
little chloroform and some shavings of wood, set it aside ap 
28° ©. to digest, After about a week's exposure he found 
‘the wood was undergoing decomposition. When a sample of 
the digestive liquid was evaporated to dryness, the residue 
gave up to alcohol the material which becomes red in colour 
when treated with phloroglucin and hydrochloric acid, The 
action went on for several days, and nt tho end of the experi- 
‘ment the residue of the woody matter only gave the cellulose 
‘reaction with iodine and sulphuric acid, 

‘A boiled control showed the wood unaltered at the end of 
the same time, and an alcoholic extract of it gave no renction 
with phlonoglucin, 

The enzyme, which Caapek has named hadromase, can be 
precipitated by alcohol from. a watery extract of the fungus as 
‘a grey powder, A solution of this in water possesses the same 
power as the original extract, 

Hadromase thus soparates the woody constituent of a 
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CHAPTER VIII. 
SUGAI-STLITTING ENZYMES, 


‘Tue enzymes which we have discussed so far have been 
shown to have one peculiarity in common; they set up different 
series of transformations of various carbohydrates, and the final 
product of each action is a sugar, although the same sugar is 
not formed in every case. 

Before Fischer started his classical researches on the sugars, 
‘our acquaintance with them hardly exteaded beyond such aa 
contained within their molecule 6 carbon-atoms or a multiple 
of them. Of those with 6 carbon-atoma wo know glucose, 
fructose, galnetoes and rorboss, Kiliani showed that another 
sugar, arabinose, has only 5 carbon-atoms Fischer has shown 
that the simpler sugars are to be regarded as aldehyde-alcohols, 
or as kotono-alcohols, and that the simplest of them is glyoollie- 
aldehyde O,H,0,. We can now sli ‘ish o wories of these 
augur, the successive members of which differ from each other 
by CH,O. Fischer has shown that the aynthesis of these can 
be as oaxily accomplished as that of the organic acids and other 
compounds On the hypothesis of Le Be) and Van t'Hoff on 
‘the asymmetric carbon-atom, there should be various inomerides 
of each of these sugars except the first, the number varying 
according to the configuration of the molecule, Sletean dif 
ferent isomeric sugure should theoretically exist baving the 
formula C\E,0), ond the synthesis of twelve of these has 
already been accomplished, 

Besides these sugars another tories oxista, the polysae- 
charides, which may be regarded as derived from the first 
series by the elimination of one molecule of water from two or 
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filtration, The crystals can be dissolved in an excess of water, 
‘and the two sugars can both be fieed from calcium by passing 
‘a streain of CO, through the respective solutions. ‘The pre- 
cipitate of calcium carbonate can be removed by filtration and 
the separnted sugars left in solution. 

Dubrunfaut did not discover the enzyme which can seb up 
this change. The latter remained unknown until 1860, when 
it wus isolated from yeust by Berthelot, Tts discovery is to be 
‘associated with the faot that cane-sugar is not fermentable by 
yeast, but that the alcohol produced by the latter arises from 
the sngars into which cane-sugar splits on hydrolysis, The 
earlier workers attributed this inversion to a certain acidity of 
the yeust, Pustour suggesting that it arose from the succinic 
acid which he proved the latter to produce during fermentation. 
Berthelot was able however to show that it was quite inde- 
pendent of the reaction of the wort. He proved it to be due 
to 4 soluble principle which is prosent in the water in which 
yeast has been washed, and which is therefore presumably 
‘exerctod by the cells of the organism, Berthelot gave this new 
body tho naine *ferrmant. glacosique.” 

In his experiments ho pressed the yeast till it was froo from 
the wort in which it had becn fermenting, and after washing 
the powder, allowed it to macerate for several hours with twice 
ita weight of water. Afvor filtering he found that the filtrate 
contained 1'5 por cent. of soluble matter. Hi first point being 
the investigation of Pasteur's hypothesis that the active agent 
in the hydrolysis of cane-sugur was the succinic acid of the 
fermentation, he added some of his extract to a solution of cane- 
sognr, containing 20 per cent. of the latter and 2 per vont, of 
sodium bicarbonate. Under such conditions he found hydrolysis - 
took place and the alkalinity of the solution was not disturbed. 
‘The change was therefore clearly not brought about by any acid, 

Berthelot further isolated the engyme, thongt he did not 





addition of an equal volume of alcohol. ‘The procipitate 
‘the form of white flocculent aggregations which sank to Mess 
bottom of the flask. ‘They were separated from the liquid by 
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expressed the sap ftom thom; dividing the liqnid into two 
parts, he added. to one a certain weight of canc-sugur and a 
definite quantity of water and observed the rotation of a ry of 
polarised light sent through a length of 200 mm, of the 
mixture, ‘The other half was then boiled nnd made up to the 
same strength of cwne-sugar as the first and ils rotatory power 
observed. ‘The two coincided, showing that the boiling of the 
juice was not accompanied by any change that would interfere 
with subsoquent comparison of the two digestions Hoe pro- 
tected himself against disturbance by micro-organisms by the 
addition of two drops of creosote to each 100 ce, of 1 
digesting liquids, The two preparations were then set asid 
the ordinary temperature and the rotatory power was examined 
atintervals, The results were as under :-— 





1. 9: cameras 3 tone easel Baila 

Tnitial rotation + aga 4 20:52" 

Rotation after 24 hours’ digestion + 28:8 + 20-02" 
” w 90 days » - 4+" +2038" 


Bechamp failed to find the enzyme in the leaves of plunts, 
‘a fret which seemed to lend a certain plansibility to his 
hypothesia. ‘The optimum temperature for its working he 
determined to be 40°—50° C. 

Bechamp thought that the enzyme from fungi was not 
quite the same os that existing in the flower, the latter in his 
opinion not being 60 active as the former. He gave to the 
fimt the name symase, which a little later was changed to 

while he called the second anthozymase to indicate 





its localisation, 
‘He identified a similar body in the fruit of the Mulberry, 
‘but finding that the juice of the otter was at the same 
time oxpable of sacsharifying starch solutions, he thought it 
contained a new enzyme possessing both propertics. He 
named this new ferment morosymas, Tn the light of subs 
‘sequent discoveries we can say with tolerable certainty that it 
was w mixture of his zymase and diastase. 

‘The name symase was soon abandoned, as it began to. bo 
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form of carbohydrate is probably not of immediate nutritive 
value to vegetable protoplasm either, « similar parallelism 
having been established in the case of starch. With the object 
of testing this hypothesis he instituted a series of researches 
‘upon the chemienl processes involved in the resumption of 
development of the Boot after the formation and the resting 
‘period of the fleshy root, In the life-history of this plant two 
‘well-marked periods can be observed. During the first year of 
‘ty life it produces only leaves; at the eud of the summer the 
root: becomes enormously enlarged aud the sub-serial parts die _/ 
down, The succulent tissue of the root is found to contain a ¥ 
very lange amount of cané-sugar which his been transferred to 
it from the leaves during their summer activity. After the 
winter, growth is resumed, and a new stem is pat out which bears 
leaves and gives riso during the next summer to the flowers, 
fruit, and seeds, This renewed growth takes place at the 
expense of the roserve-materials stored in the root, the chiof of 
which is the cane-sugar. Bernard discovered that at the onset 
of this second period of active life the cane-sugar in the root 
begins to diminish and gets continually less and Jess as the 
growth proceeds, Glucose at: the same time makes its appear 
ance there and can be treed upwards along the stem to the 

_ growing region, Glneose also appears in the leaves, while 
cane-sugar is altogether absent from them. Bernard further 
ascertained that a similar enzyme to that he had discovered in 
the animal intestine could be extracted from the bevt-roots on 
which he was experimenting and he consequently proved that 
his hypothesis was well-fornded, and that in tho vogatable, as 
well as the animal organixm, cane-sugar needs to undergo a 
process of digestion or hydrolysis before it in capable of 
affording nutritive material to the active protoplasm, The 
agent in both cases can be extracted from the seat of the 
digestion und is undoubtedly the snme enzyme, 

Tn recent years a very important modification of the 
generally received ideas of the primary formation of carbo- 
‘hydrates in leaves has been advanced by Brown and Morris, in. 
the course of a discuasion of a series of experiments they 
carried out on the physiology of these organs, ‘These researches 
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Kosmann also has detected invertase in the buds and 
eaves of young trees, and Gonuermann has found it in the 
Teaves of the sugar beet. 

The enzyme has also been discovered in the rootlets of 

Darley, but its extmetion presenta considerable 
difficulty. 'The discovery was first’ made by Kjeldahl, whose 
‘work has been supplemented by the researches of J, O'Sullivan, 
‘The latter observer removed weizhed quantities of moist root- 
lets from germinating barley and immersed them ina solution 
of cane-sugar, allowing them to digest for 24 hours at the 
laboratory temperature, Controls were at the same time 
prepared, in which water was substituted for the cane-sugar 
solution, The amount of invert-sugar present in the latter ab 
the end of the experiment was a measure of the quantity 
present in the rootlets themselves. Dedueting this amount he 
found in a series of three experiments: 


2) 17 grms of moist rootlets inverted 1°22 grms, of cane- 
sugar, 

(2) 05 gem, of moist rootlets inverted 1°87 grms, of eane- 
sugar. 

(8) 05 grm. of moist rootlets inverted 016 grm. of oane= 
sugar. 


While inversion took place in all, the activity was not the same 
in each case, a fact possibly due to the matorial used containing 
different proportions of the enxyme. 

The existence of the enaymo and the difficulty of extracting, 
it are leo established by the following experiment which 
O'Sulliven quotes— 

(1) 075 grm. of rootlets wore digested in the cold for 
two hours with 10.0, of water; the extract was filtered and the 
residue washed on the filter till filtrate and washings amounted 
to 50.09, To 40 0.0, of this extract 25 oc. of a 10 per cont, 
solution of cane-sugar were added. (2) ‘The residanl roatlets on 
‘the filter were added to another 25 co. of the same sugar 
wolution, (3) 075 grm. of the same rootlets were added to 
a third 26 6,0. of the sagar solution. The three sets were then 
digested at 55°—57"C, for eight hours, and after standing at 
the laboratory temperature for a further eight: houre, all were 
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Mieran doos not appear to. have extracted the unsyme from 
the fruit. 

Tnvertase is associnted ax we have seen with cane-sugar in 
reservoirs of reserve-materials in various parts of the plant. 
Cane-sugar is sometimes stored in other places than thos 
mentioned, with a view to subsequent utilisation, Many pollen 
grains aro known’ to contain it in small quantity and it ia 
consumed in their germniuation, Van Tieghei first discovered. 
ft in these bodies in 1886: he germinated the pollen of 
various plants in a 10 per cent. solution of cane-sugur and 
detected a reducing-sugar in the liquid which he filtered 
off from his cultures, When the pollon-graina were placed 
in the ame volition and germination prevented by. the 
addition of a few drops of chloroform, the sume result was 
arrived at, 50 that he was able to conclude that the enzyme 
‘was prosont in the pollen apart from germinative changes. 

‘In 1893, the writer demonstrated its presence in the pollen 
of Eucharis, Narcissus, Helleborus, Richardia, Litiwm and 
Zena, aod was able to extract it from the resting grains by 
bruising them in an agate mortar and extracting the resulting 
powder by various solvents. He was able to ascertain furthur 
thab the quantity increased considerably during the process of 
germination, and that the increase was much greater when the 
pollen was allowed to germinate in cave-sugar solution than 
when it was sown in water only, A most striking experiment 
was made with the pollen of Varciveus puetiovs, Tho pollen 
was collected from 906 anthers, oud weighed ‘8 grm, This was 
divided into three parcels of “1 grin. each. One parcel (A) 
was steeped at once in 10 a6. of chloroform-water; another 
(B) was made to germinate in water on a glass plate; and the 
third (C) similarly in 18 per cont, solution of oane-sugun 
When germination was well advanced the cultures were eare- 
fully washed from the plates and all thrve made up to 16 ee ~ 
with chloroform-water, They were then all filtered, each was 
mixod with 25 ce. of 10 per cent, cane-sugar solution and all 
‘were allowed to digest for 93 hours at the ordinary laboratory 
temperature, The chloroform wns subsequently removed from 
each digestion by boiling ib for some time and finally all were 
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apparently present in the latter fungus throughont its whole 
Tife, as its spores germinate readily in cane-sugur solutions 
Fischer and Lindner have noticed a similar occurrence of the 
enayme in Monitia candida, the fangus hydrolysing cane-engar 
but not yielding the ferment to an extracting fluid. 

Tnvertase is not uniformly present in the fangi; Polyporus 
‘aulphureus has been found by Bourquelot not. to contain it, 
‘Its distribution throughout the group however has not been at 
all {ally investigated, 

Invertase appears to be very seldom met with in Bacteria, 
Fermi and Monteswno found that Bacillus megatherium, B. 
Muorescens liquefaciens, the rod Kiel Bacitlue and Proteus 

ei) vidgaris were capable of producing it in bouillon to which cane- 
sugar had been added. Van Tieghem has shown that it is 
nooreted by Leuconostoc mesenterioides, ‘The writer has detected 
it in onltures of a bacillus which is associated symbiotically with 
‘ yeast in certain jelly-like masses infesting the sugar-cane, It 
is excreted by the microbe into the surrounding liquid, 

Yt is not certain how fhr the action of invertase in these 
Tower forma is intracellular, Different observers differ us to 
whathor in normal life the invertase ix exerted into the 
surrounding medinm, ‘The opinion ix however gaining 
‘that when the organisms are growing under favourable eonditions 

Vv ‘the enzyme passes out through the thin cell-walls and works 
extracellularly. Ite power of diffusion is not very great and 
frequently so little of it is sent out of the colls that it may: 
ensily csenpe observation, This is not difficult when the 
method of examination used is that of precipitation of the 
Tiquid by alcohol. ‘This as we have seen above is deleterious to 
invortase and probably destroys it entirely when it is prosent 
in wmall amount, This may explain the failure of some 
observers to obtain evidence of its excretion and oxtra-collular 
notion, 

‘The occurrence of invertase in the alimentary canal of 
Maromals is chiefly confined to the small intestine, in which, ax 
already mentioned, Bernard first discovered it. Miura has stated 
‘that it ia prosent alao in small quantity in the tise of the 
colon, stomuch, ond pancreas. He detected it not only in the 
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sod washed with absolute alcohol, and dried in vacuo 
‘over mulphuric acid. So propared the invertase was very active, 
‘but not quite pars; it contained about 5 per cent. of ash, which 
consisted of phosphates of potassium and taagnesium. ‘The 
‘authors regard the ash as an impurity and do not consider it 
‘ay entering into the composition of the enzyme, Efforts to 
porify the latter beyond this point were fatilo, ws it proved 
to be a very unstable body and decomposed during the further 
treatmont, Tt possessed specific rotatory power of (a), =+ 80° 
‘Yonst appears to contain an amount of invertase equal to about 
2—6 per cent, of ite dry weight, 

‘The action of the enzyme is the same as that of dilute 
mineral acids, a molecule of cane-sugar taking up a molecule 
of water and xplitting into two molecules, one of glucose, the 
other of levulose (fructose). Evidence of the action is afforded 
‘by the change in the power the solution has of rotating a 
beam of polarised light and by the development of the property 
of reducing cupric to cuprous oxide when boiled in the presence 
‘of excess of alkali. Cane-sugar dows not possess the Intter 
Property. 

‘Whon invertase is digested with a solution of canesugar 
seas ea ee 

sugar disappears, ‘The rate of the inversion may always 
te cece by a definite time-curve, which is practically 
‘that given by Harcourt as being the one expressing a chemical 
change of which no. condition varies excepting the diminution 
of the changing *ubstance. So long ns tho conditions under 
which the digestion is taking place remain unchanged this 
curve expresses the course of the transformation, 

Among conditions which materially influence the progres 
of the action of invertase, we may mention the reaction of the 
liquid, thu concentration of the cano-sugar solution, and the 
tompernture at which the digestion is emried out. 

Minuto quantitios of sulphuric neid accelorate the action in 
avery remarkable manner, but the actual amount required to 

tho greatest effect varies with the amount of invertase 
present and with the temperature at which the hydrolysis is 
conducted, ‘The more there ia of the enzyme in the solution 
the greater ix the umount of acid required to obtain the 
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60°C, According to O'Sullivan and Tompson it doubles itself 
approximately for euch rise of 10°C, ‘Tho optimum point 

Teenie between 65°C, and 60°C, Maller found the 
seltive notivities at 0°, 10°, 20°, 30°, and 40°C, to be respect~ 
ively 9, 19, 26, 63 and 83, and the optimum temperature to be 
fn little undor 50°C, Above 65°C. the enayme is slowly 
dostroyed and at 10° higher the destruction is immedinte, 

‘Whe action of alcohol is deleterious, particularly if much is 
present, ‘The enzyme is precipitated unaltered by 47 pur cent, 
of the spirit but larger proportions decompose it, When 
alcohol is present in quantities too small to affect the oom- 
position of the enayme it can diminish its hydrolysing power. 
If 5 por cent. only is present in a digestion, the activity of the 
invertase is reduced one half. 

‘There is some difference of opinion ws to the influence of 
the products of hydrolysis on the nection of the enzyme 
O'Sullivan and Tompeon say that they have no influence on 
the rate of the change, while Miller states that they are 
distinctly inhibitory. 

‘The power of the enzyme is practically inexhaustible; a 
sample which had induced inversion of 100,000 times its own 
weight of cane-sugar was found by O'Sullivan and Tompson to 
be still active; they showed moreover that invertase itself is 
not destroyed or materially injured by its action on cane-sugar, 

Fornbach noted that his extract prepared from Aspergillus 
Was lows active in light than in darkness, and that the inhibitory 
effect of the illumination was greater as the extrot was 
grudually mnde more acid, 

A vory remarkable feature of the invertase obtained by 
O'Sullivan and Tompson was that when it was heated in a 
solution of cane-sugur during a period of active hydrolysis it 
was ablo to withstand without decomposition a temperature of 
25°C, higher than was sufficient to destroy it whon in solution 
in water and consequently inactive. A discussion of this very 
interesting fact must be deferred however to a subsequent 
chapter. 

The importance of invertase in both the animal and 
‘vegotable economy seems to be primarily what has already 

















CHAPTER IX. 
SUGAR-SPLITTING ENZYMER (continued). 


Glucase. (Maltase,) 


Ty onr discussion of the action of dinstase on starch in an 
carlior chapter, attention was called to a curious discrepancy in 
‘the nature of the final product whon diastase from different 
rogiona of the alimentary canal is taken as the hydrolysing 
agent. The enzyme of saliva converts starch into maltose: 
among the products of hydrolysis taking place in the intestine 
glucose undoubtedly appears; the sugar also which loaves the 
iver is the latter variety. A good deal of uncertainty has 
consequently been felt as to whether or no there might not 
‘exist more than one variety of diastase, characterised by 
the power of transforming starch into these different sugars 
respectively, 

The study of the fate of maltose in the economy has shown 
that like cane-sogar, of which it is an isomer, it is not made 
‘use of by the tissues without preliminary hydrolysis. Philips 
showed in 1881 that when maltose is injected into the blood 
‘of an animal, a good deal of it is excreted unchanged in the 
urine, much as cane-sugar is, though not to go large an extent, 
Glucose on the other hand is used up by the organism if 
introduced into the body in m similar manner, Dastre and 
Boorquelot found in 1884 that if the quantity of maltose 
injected is not too large, a good deal of it is not voided by the 
kidney, and that therefore its fate differs somewhat from that 
of cane-sugur, part of it at ouy rate being utilised by the 
organism, 
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digestion of starch in the small intestine consists of two stages, 
one, conducted by the pancreatic juice, being marked by the 
‘ransformation of starch inte maltose, the other, taking place 
subsequently, mainly under the action of the succus anterieus, 
but with some assistance from the pancreatic juice, consisting 
of the furthor hydrolysis of the maltose into glucose, They 
further put forward the view already suggested that multose is 
not directly assimilable by the living organist, 

Brown and Heron further drew attention to the digestion of 
maltioee as being similar to, bat not identical with that of eane- 
sugar. They found the small intestine to be capable of in- 
verting the latter, but not to be so active as in the case of 
maltose, The extract of the pancreas, while foebly hydro 
lysing maltose, had in their experiments no power of inverting 
cane-sugar, nor had the tissue of the gland itsolf. 

Tn 1881, von Mering confirmed the observations of Brown 
and Heron on the part played by the pancreas, He found that 
an extract of that organ taken from a dog was capable of slowly 
hydrolysing maltose. 

In 1883, Bourquelot carried out a series of resoarches on the 
mabbit, in which he confirmed and extended the conclusions of 
the previous observers. He used tho fresh tissues and carried 





may thus be summarised; (1) In the rabbit, during digestion, 
the pancreas and the small intestine both produce an enzyme 
which hydrolyses maltose. (2) This enzyme is much more 
abundant in the intestine than in the pancreas (3) Tb is 
produced almost entirely in the median region of the small 
intestine, portions taken on the one hand near the pylorus and 
‘on the other near the large intestine being almost or entirely 
without nction. (4) The enzyme is a different one from in- 
-vortin, for the enzyme of the panorvas which hydrolyses maltose 
has no action on cane-sugnr and the invertase from youst (which 
is identical with invertin) has no action on maltose. 

Bonrquelot next tumed his attention to the vogetable 
Kingdom, and tolected for experiment two fungi, Asporgillus 
niger and Penicitium glaueum, both of which thrive 
well when cultivated in a solution of maltose. He tritaratod 
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maltose was excreted by the kidney; when, a in the work of 
Philips, a good deal of the sugar was injected, part only was 
hydrolysed and the rest mppeared in the uring 

Bourquelot has given the name maltaso to this enzyme. 

Tn 1886, Cuisinier described an onzyme under the name of 
glucase, which ho claimed to have discovered in burley-malt and 
‘in several of the corenl grains, which he said converted starch 
into glucose, His conclusions were opposed a little Inter by: 
Lintner, but were reaffirmed in 1891 by Geduld, who extracted 
from maize a soluble ferment capable of hydrolysing maltose 
Cuisinier’s enzyme appears to have been a mixture of diastase 
and glucase, which occur together us they do in the searetion of 
the pancrens, 

Geduld and subsequent writers apply the name glucase to 
tho enzyme which bydrolysos maltose, and which was previously 
‘termed maltase by Bourquelot, Geduld claims to have extracted 
it trom maize in a fairly pure condition, It contains #12 par 
cent. of nitrogen, is only slightly soluble in water, and gives a 
Dlue coloration with tincture of guaiaeum and hydrogen 
peroxide, 14 is capable of hydrolysing only about one hundred 
times its weight of maltose, so that it is feeble compared with 
the invertase prepared by O'Sullivan and Tompson. Tt is most 
active at a temperature of 57°—60°O,; above that point it is 
weakened and at 70° it undergoes decomposition, 

Since Dubourg’s discovery of the presence of glucase in 
blood, in 1889, many observers have conducted researches on its 
occurrence there and in the tissues and juices of the animal body, 

Jn 1893, Bial ascertained that the serum of both blood and 
lymph contains enzymes which convert starch into glucose and 
which act also upon dextrin and maltose. Tho farments are 
‘not present in the corpuscles. When alcohol is added to serum. 
and the resulting precipitate is allowed to stand for a time and 
then oxtruoted with water, the extract transforms starch into 
maltose only, and has no furthor action on the latter. The 
action noted seems therefore to be due to the presence of 
dinatase and glucase together in the scrum, and to the latter 
being destroyed by contact with alcohol. 

‘In 1394, Réhmann made « comparative examination of the 
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‘A search for glucase in the various tinsnen of the body, 
including several regions of the limentary tract, was made in 
1893 by Miss Tebb. Her modo of procedure was based on that 
of Brown and Heron, and like them sho experimented with the 
tinuwe of the pig. 

‘Sho sometimes used infusions made hy steeping the dried und 
disintograted organs in saline solutions, and sotnetimes the dried 
tissue itself, The temperature of drying was 7—40°C, In. 
all cases she checked her results by control experiments in 
which the dried tissue or ite extract had beon boiled, ‘The 
saline solutions were usually 6 per cent, solutions of sodium 
sulphate, and the extracts were always made with antiseptic 
yrecantions, She found the power of hydrolyaing maltose to be 
‘possessed by dried pancreas, the mucous membrane of the small 
intestine, Peyer's patches, lymphatic glands, salivary glands, 
liver, kidney, stomach, spleen, und strinted muscle, ‘The relative 
aotivity possessed by equal weights of the dried tissue of these 
organs was found to bo very different. Her results may be 
represented proportionately in the following table: 


‘Mucous membrane of small intestine $21 
Sploen 135 
Lymphatic glands 093 
Liver 0-80 
Peyer’s patches Ok 
Kidney 0-08 
Stomach 045 


‘The figures ropresent the proportion of glucose formed to- 
one part of maltove loft unchanged at the conclusion of the 
oxporiment. 

Besides these various tissues Miss Tebb found glnoase to be 
present in the serum from pig’s blood, and in bile collected from 
the yull-bladder of the same animal, 

Progl found glucaso in the succus enterious of a young 
lamb and Pants and Vogel in the mucous membrano of the 
alimentary tract of dogs and new-born children, ‘Tho most 
active region was the jejunum, but some inversion of maltose 
was effected by the stomach, ileum and colon, 
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most advantageously at 57°—60°C, Yeast glucase differs also 
in this respeot from invertase, which Lintner and Krober 
found to have an optimum point of 52°—53"C, Their glucnse 
was destroyed by heating it to 55°C, At temperatures up 
to 35°C. its hydrolytic activity was proportional to the tem- 
pernture, the quantity present and the time of digestion 
remaining constant, An increase of the quantity of the en- 
zyme did not proportionately accelerate the inversion. 

Besides acting on maltose Fischer has found that glucase is 
capable of effecting the decomposition of sovernl artificial 
glucosides which he prepared from various sugars, methyl and 
other alcohols, and hydrochloric acid, He has based upon 
these experiments a theory of the action of enzymes in 
general, which will be discussed in a subsequent chapter. 

He has ascertained also that glucase is capable of acting 
‘upon certain natural glucosides which yield glucose on hydro- 
lysis Of these the most noteworthy is amygdalin, which eoours 
in certain plants belonging chiefly to the Rovaceae. As we 
shall see later, amygdatin undergoes hydrolysis under the 
action of an enzyme known os emulsin, the change being ex- 
proased by the equation 

CaHtaNOs 42H,0=(,H,COH + HON + 2(C,H,.0,) 


Belo Prunio Gincosa 
raid 


Gluense attacks this body in a different way from eroulsin, and 
instwad of splitting it up as represented above, it only causes 
the separation of one molecule of grape-sugar, leaving another 
glucoside containing only one glucose group in its molecule. 
The sngar of amygdalin appears to be maltose, and to be 
capable of hydrolysis to glucose, either while in combination 
in the glucoside, or whem the Intter is completely decomposed. 


Trehalase, 


‘The sugurs which exist in the members of the group of 

i inolude representatives of the polysnecharides 6s well as 
of the simpler hexoses. Of the former the most charneteristic 
is that to which the name trehalose has been given, 'This 
sugar was first described by Berthelot in 1867 as occurring in 
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‘The powder 20 prepared was known from other experiments 
to contain both invortase and glucase. 

‘A simpler method of procuring the ferment was sometimes 
used, which consisted in replacing the culture-fluid by distilled 
water which was renewed after 12 hours, The fungus excreted 
ita ensymes into the water, which on filtration after two or 
‘throo days was found to possess a very decided powar of hydro 
lysing cane and malt-ugara ‘The first extract was never very 
active, owing probably to traces of acid developed during the 
growth of the ongenism in the original culeure-liquid, 

The extmot prepared in either of theso ways was then 
allowed to digest with trobalose obtained from trehala, a kind 
of waxy excretion, which a certain Coleopterous larva pours oub 
to form its cocoon, In a typical experiment, 10 ec, of the 
extmet were added to 10 00, of a solution containing about: 
2 per cent. of the sugar, The rotatory power of the mixture 
was then ascertained to be 8° 36’ of a polarimeter when 
examined in n tube 200 mm. long. Hydrolysis at once 
eommenced and after 18 hours’ digestion at 12’—15°Q. the 
dovintion was only 2° 20’, It continued to diminish stendily 
till the aixth day, after which no change took place, ‘The final 
deyintion was 1° of the polarimeter, The reducing-sngur 
‘was thon titrated and found to be present in the proportion of 
98 grm. per 100 ce, On the assumption that all the trehalose 
wand was hydrolysed to glucose, the calculated results would 
be a deviation of the polarised ray equal to W018" of the 
polarimeter, and an amount of reducing sugar equal to ‘062 gem, 
per 100 cc., numbers which agroe fairly closely with those abe 
‘twined during the experiment. 

‘The same results were yielded by the trehalose which was 
‘extraoted from various fungi as already mentioned, 

Bourquelot states that the enzyme which effecta the 
hydrolyaia of trebalose is differont fiom cither invertase or 
glucase, though it co-exista with them in the mycelium of the 
fungi which he desoribes. He has given it the name trehalase, 
and describes it ss working most advantageously in o faintly 
acid modiun, the best degree of acidity being about “008 
per cont, of sulphuric acid, Larger quantities than this are 
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laboratory and the rotation again obsorved, ‘The results of 
~ 16 duplicate tubes are recorded in the following table:— 


‘Womperntare of — Hotntion of the Rotation of the 
‘Trohulove mistare, ——-Maltose 


eating. mixtore, 
50" v1 13a 
ba" 110 132 
oe 120" rsy 
66" read ery 
oa" 138" isa 
ore" 13a 
a0" yeaa 
40 139" 
8°40" 100" 
3” 40" 2°" 
3°40" oa 
3°40 aoe 
3°40 a ov 
3°40 se 
an40 316 





‘Tho influence of temperature consequently enabled Bour- 
quelot to discriminate between the two enzymes, ‘Trehalase 
‘Dogins to be affected at 54°C., while glucase is not weakened 
olow 66°C. The activity of trehalase is destroyed nt. 64°C, 
while glucase survives up to 74°C, 

In a subsequent paper Bourquelot has shown that trehalase 
exists also in Polyporus sulphurovs, tho oxtract of which is 
capable of converting the trehalose of trehala into a reducing 
sugar during a digestion extending over 48 houra. Working 
with Hérissoy ho has detected it also in germinating barley, 
where it exists side by side with several other enzymes, In 
conjunction with Gley, Bourquclot has shown thut intestinal 
joice ix capable of hydrolysing trehalose, and that pancreatic 
extract and the serum of blood do not exercise such an action, 
‘Wrehalase therefore appears to be present in aniroal as well as 
‘vegetable tissues, Ite occurrence in the former is supported 
by the researches of Fischer and Niebel, who have ascertained 
that trehalose is hydrolysed slowly by an oxtract of the 
duodenuin of some animals, while « similar oxtract prepared 
from others has no effect upon this sugar, The serum of 
certain fishes, especially that of the carp, has the same hydroe 
lysing powor. 
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‘The enayme (which may be termed rajfinase) has been shown, 
by Bourquelot to be present alzo in boker’s yeast and in low 
fermentation beer-yeasts, He digested 40 c.c, of the extract of 
each of these fungi with 40 oo. of 2 per cent, solution of 
mfinow, kooping the vessels for an hour at 45°C, and then 
allowing them to stand at the ordinary Inboratory temperature 
for 5 day, taking the same precautions as before against the 
introduction of micro-organisms, ‘The rotation of the polarised 
ray in a 200 mm. tube was at first 2° 4 of the scale of the 
polarimeter. After 20 hours it had declined to 1°; after 48° 
hours to 0° 68’. The baker's yeast was a little the more active. 
‘The reduction of Febling’s solution was about the eume ag in 
his experiments with the extract of Aspergillus, 

he occurrence of this enzyme has also been observed by: 
Fischor and Lindner, who were able to extract it from low 
formentation yeusts of the Froberg and Saas types, but not from 
the high formentation forma. ‘They dried the yeuats for 3 days 
in air at 20°—25° C. after draining them for some time on 
porous earthenware. Whon dry the yeasts were extracted by 
digesting them in water at 33°C. for 20 hours, The extract 
‘was found capable of hydrolysing melibiose, 

Barr has extracted the enzyme from low fermentation: 
Froberg youst but he attributes to it only the final stage in 
the hydrolysis, the conversion of melibiose into glucoso and 
galactose, and he has named it melibiase in consequence, Barr 
holds that the first hydrolysis of rallinose or melitrios into 
fructose and melibiose is effected by invertase, He differs 
from Fischer and Lindner in saying the melibiase is insoluble 
in water. This however appears very unlikely from a con~ 
sideration of the properties of other enzymes, 





Melisitase, 


A sugar to which the name melizitose has been givan wns 
discovered in 1839 by Berthelot in Brangon manna, and was 
ascertained in 1877 by Villiers to exist in considerable quantity 
in the manna yielded by AUiagi maurorum, w leguminous plant 
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Lavtase. 


The putitive value of « mill diet partly depends mpom the 
sugar which it contains ‘Thi, which is known as lactone, or 
milk-suger, is a member of the group of polysaccharides, and 
upon hydrolysis under the influence of mineral acids a raole- 
cule of it splits up into a molecule of glucose and another of 
galactose. Tb has only recently been ascertained that there 
exists in the animal body a soluble enzyme which is capable of 
carrying out « similar hydrolysis, and which may consequently 
be named lactase, Our knowledge of it is chiefly due to 
the researches of Réhmann and Lappe, who discovered it 
in the mucous membrane of the small intestine of calves and 
dogs. Prior to the appearance of these researches the trams= 
formations of lactose in the alimentary canal were nsoribed 
to bacterial action and were thought to lead invariably to 
‘the formation of lactic acid, RUhmann and Lappe prepared 
extracts of the mucous membrane of the small intestine with 
‘aptiseptic precautions and allowed them to act on solutions of 
Toctoss, After digestion lasting for several hours glucose was 
found to be present in the liquid by means of the phenyl 
hydrazine-noetate reaction. ‘The osazone produced gave all the 
reactions of glncosazone. Réhmann and Lappe precipitated 
the enzyme from the extracts of the intestine by the nsual 
treatment with alcohol, and found that a solution of the 
precipitate posseesed the power of bydrolysing milk-suyar. 

‘The work of Rshmann and Lappe is supported by some 
researches of Panta and Vogel, who ascertained that the 
mucous membrane of the jajunum of dogs and of now-bora 
children is capable of slowly hydrolysing lactose. Pregl has 
found that Inctaso is not present in the intestinal juice of the 
lamb obtained by the Thiry-Vella method. Fischer and Niohel 
wlso have noticed that lactose is hydrolysed by extracts of 
portions of tho emall intestine, particularly of young animale 
‘They have shown further that lactase is not present in blood 
serum, 

Weinland also has found it in the intestine of sucking 
animals, and in that of the pig, dog, and horse. He states 
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CHAPTER X. 
GUUCOSLDE-SPLITTING ENZYMES, 


Maxy bodies of very complex character exist in plants, 
which have one property in common, When they 
decomposition under the influence of either mineral acids or 
soluble enzymes, they yield a sugar, gonerally glucose, as one of 
the products of the action, The othor bodies which are 
produced simultaneously are very varied, but one or more 
of them usually belong to the aromatic series of 
compounds. ‘They are on the whole not very unlike the 
polyamechurides which have already been discussed, but while 
the latter are formed of molecules of sugurs united to ensh 
other, in the former we find the sugar grouped with or united 
to other mdicles From the fact that the sugar is almost 
always glucose, these bodies have boon termed glucosides. ‘The 
best known of them are the amygdalin of the almond and other 
Rosaceous plants, the sinigrin of the Cruciferae, the tannin 
which is 20 widely distributed in the vegetable kingdou, the 
salicin of the willow, and the coniferin of the fr-trees, Many 
others however exist in other planta 

The decomposition which they undergo is generally of w 
hydrolytic charuoter and frequently leads to the total disruption 
of their molecule. Sometimes it is less complete and consists 
only in the ecparation of part of their sugar, a leas complex 
glucoside remaining. The latter decomposition is leas frequent, 
than the former and is only kuown in connection with some 
members of the group, particularly amygdalin, Mineral acide 
effect complete hydrolysis as they do in the case of the 
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Besides nmygdalin it is able to effect the decomposition of 
several other glucosides, among which wre sulioin, hebioin, phlo 
risin and arbutin, ‘The several ractions may be expressed by 
the following equations, the reaction being one of hydrolysis in 
each case :— 


CyH.O, + 1,0 = O,F,0, + CHO 


Saliein Baligeniti — Clucone 
CyH,0;+ 1,0 = CHO, + CAO 
Heticin Salicylio lucas 

aldehyde 

CyHyOy + HO = CyH yO. + CH yOy 

Philoriein Phoretin Glucose 

CuHO; + HO = es + CHO, 

Asbutin Glucine 

ee 


Emulsin has been found by Fischer to be capable of effecting 
also the decomposition of certain of the artificial glucosides 
which he prepared ns described in the last chuptor. 

‘The oceurrence of emulsin has been observed in several of 
the higher plants and in certain fungi. Of the former, the 
most striking are the Almond and the Cherry-laurel, both of 
which belong to the Natural Order Rosaceae. Its distribution 
‘in these plants is different; in the former it is chiefly found in 
the seeds; in the Intter it occurs in the young stems and leaves 
Tn 1865 Thomé was led to the opinion that the enzyme exists 
in the seeds of the bitter Almond only, and is localised there 
in the fibro-vascular bundles of the cotyledons, Portes in 1877 
concluded emulsin to be confined to the axis of the embryo and 
amygdalin to be present in the cotyledons. In 1887, Johansen 
found emulsin in the seeds of both the sweet and the bitter 
varieties of the Almond, in the fibro-vascular bundles and the 
cells abutting on them, particularly in those of the cotyledons. 
He found amygdalin in the parenchyma of the cotyledona of 
‘the bitter variety Its distribution in these plants and ina 
few others closely allied to them has been the subject of a care- 
ful study in recent years by Guiguard, whose methods have bees 
partly chemical and partly bused upon certain renctions leading 








contained ® certain amount of tannin, and were richer 
in proteids than the other cells of the leaf, He treated sections 
of this tissue with Millon’ » Which is a mixture of the 
it i if acid, and found that all 





‘but the tint was much deepest in the cells in question, On 
warming tho section the black tint gradually disappeared, and 
was replaced by an orange-red in the cells suspected to contain 
the enzyine aud by a faint pink in the ondinaey 


action was not therefore due to the tannin, but to some proteid 
‘constituent with which the enzyme is associated ar possibly to 
the enzyme itself, Probably the reacting body is a proteid 
rather than the enzyme, for proveids give a very similar reaction 
when heated with Millon’s reagont, the coloration whioh they 
wend being a dull brick-red. Confirmatory testa for protoids 
bore out this opinion, Copper-sulphate and caustic potash 
‘coloured thexe cells a violet-pink, ns they do protoida in solation, 
while cells containing only tannin did nob react to these 
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reagan more than “ordinary parenchyma cells with their 
lining. of , which stained a palo pink with no 
satire ct aie 


‘The chemical experiments by which Guignard confirmed his 
conclusion that these cells contain omulain consisted of a 
digestion of the tissues with a solution of amygdalin. The 
cells in question were observed to occur in definite positions in 
the leaf, und with cure Guiguard found it possible to 
them from the adjacent tissues. The difficulties of such 
separation were mainly mechanical but delicate manipulation 
enabled him to overcome them. In the leaves and young 
branches of the laurel the cells occur in the endodermis, which 
is a sheath surrounding the collection of fibro-vasoular bundles, 
but belonging to the cortex, of which it is the innermost layer. 
‘When this shoath was carefully dissected out under a micros 
seope and the pieso of tissue placed in @ solution of amygdalin 
in a wateh-glass, and kept at 60°C, the decomposition of the 
glucoside was speedily effected, and was recognized by the 
odour of the bensoie aldehyde and prussic acid which we have 
seen to result from its hydrolysis. Sections made through the 
leaf produced the eame decomposition when they were eub ao 
ns to include part of this endodermal sheath, but not otherwise, 

By these methods Guignard determined that the emulsin 
of the Oherry-laurel exists in the endodermia; that of the 
Almond was found in the axis of the embryo in the many- 
Inyered pericycle which lies immediately under the endodermis 
and closely surrounds the fibrovascular bundles; in the coty- 
ledons it is in the endodormnis as well as in the porioycle, The 
enayme exists in both the swoet and bitter Almond, though 
amygdalin is only present in tho latter, 

Probably the glucoside and the enzyme do not naturally 
exist in the same cells, as the decomposition of the former in 
the seed of the Almond only takes place during germination, 
‘The distribution of the omygdalin is nob however definitely 
known. Tb seems probable that the flnid sap containing it may 
travel along the cellular tiseue of the axis of the plant, and as 
the ferment which decomposes it is in the immediate noigh- 
Dourhood of the bast, which is a great conducting tissue for 
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Bourquelot investigated its action on several other gluso- 
sides and found it expable of hydrolysing some, but not all. 
He hns published the following series of experiments 

10 ce. of an aqueous solution of salioin containing *2 gro. 
wore mixed with 10 ce, of the Aspergillus extmet and kept for 
40 hours at a temperature of 28°C, At the end.of that time 
38 per cent, of the salicin was decomposed, 

‘Yo 10 ce, of the Aspergillus extract 2 grm, of coniferin 
was added, ‘This glucoside being scarcely soluble in water the 
liquid remained turbid, the coniferin being only in a state of 
suspension. ‘The digestion was carried on for 30 houra at 23° C, 
and then for » farther three hours at 45° ©. During this 
exposure the liquid became less and less turbid till it was 
nearly clear, A little Inter it became milky, and a new 
precipitate was formed which settled down in the tube, and 
increased in quantity till the end of the experiment, 

At the end af the digestion the liquid contained -098 grm. 
‘of glucose, which wos nearly as much as the 2 grm. of coniferin 
was capnble of yielding on complete hydrolysis The final 
precipitate was the coniferilio alcohol resulting from the de- 
composition, which like the coniferin itself is almost. insoluble 
in water, 

Hiérissey has propared the enzyme from the resting seeds of 
the Almoud, by the following method, ‘The seeds, divested of 
their outer coatings were powdered in a mortar as finely aa 
possible und extracted for 24 hours with twice their weight of 
water containing a little chloroform, ‘They were then strained * 
off and a little glacial acetic acid was ndded to the liquid. This 
precipitated the bulk of the proteid matter contained in the 
extract, After filtration a clear limpid liquid was obtained, 
On tho addition of about four volumes of aleohol the enzyme 
was precipitated, This was collected on a filter, washed with 
a mixture of aloohol and ether and finally dried in vacuo, over 
sulpburic acid, ‘The powder thus obtained was soluble in water, 
and the solution retained tho properties of emulsin, Tt was 
however not pure but was mixed with a carbohydrate ro- 
wembling arban, 

A more active preparation was obtained from cultures of 


dy distilled water. ker alter ore anc Rae ia 
by a further quantity, and the process wus repented till the 
water contained no trace of the aalts of the original liquid. Ib 
was then macerated in fresh distilled water for about 
days sit the ordinary temperature, and the liquid filtered off, 
So prepared the solution was porfectly clear and limpid, and 
contained only “2 grm. of residue per litre. It was much moro 
‘active than the preparation made from the almonds, 


‘Hérissey has found that the emulsin of the almond has no 
action on cither phloridzin or populin, Kither there are two 
‘varieties of emulsin or there is another enzyme in Aspergillus, 
which decomposes the other two glucosides, 

Boljerinck states that the emulsin of the almond hydrolyses: 
indican, 

Gérard’s results with Ponicilium were very similar to those 
of Bourquelot, Ho propared bis enzyme by macerating the 
mould in distilled water, and concentrating the extract to a 
smal] bulk in vacuo, Tho cmolsin was thon precipitated from 

the concentrated extmet by the addition of aleohol. He found 
itcapable of hydrolysing amygdalin and salicin, 

‘Bourquolot has ascertained that emulsin is present in many 
other fungi than the species mentioned, It ia not confined to 
ape fen ft existe inn Iarge number of parnsites, 

among which may be mentioned the genus Poly- 

cote Beara ll oe tevvegatel eS feoyt ot poraten habe ol 
84 to contain emulsin, Most of the latter infest living 
Beat ees tlaing th cbt wood Tt is well known that 

‘the cortex, the cambinia, and even the woody parte of trees 
contain glucosides The distribution of the enzyme in the 
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fongi seoms to bear some relationship to the peculiarities of 


Fischer has stated that emulsin is capable of decomposing. 


Inctose, yielding glucose and galactose. Heérissoy made the 
same observation. Tt appears howover from a consideration of 
the couditions of the preparation of the enzyme that ib is 
probable that the almond contains also @ little lactase, It is 
‘a matter of very common occurrence that several enzymes are 
present in various seeds, and unless careful means of separation, 
are adopted it is rash to assume that the various decompositions 
sct up by an extract of them uro all duo to a single ferment. 
‘The probability that tho almond contains lactase is inereased 
‘by an observation made by Hiérissey, that the mach more active 
extract yielded by Aspergillus wos altogether without action on 
lactose. 


A similar association of two enzymes in the same tissne was 
noted by Schunck who found emulsin and erythroayme together 
in the root of tho Madder plant, 

Recently Herissey has discovered emulsin in several Lichons, 
among which may be mentioned Usnea barbata, Physcia oili= 
aris, Parmelia caporata und two species of Ramalina, He 
bruised the lichen, and placed about half a gramme in contact 
with a solution of amygdalin for two or three days at a tem- 
perature of 85°C. At the end of that time both hydrocyanio 
acid and sugar wore present, 

Tt is doubtful whether emulein exists in the animal orga~ 
nism, lliker and Miller have stated that the pancreatic 
juice is capnble of effecting the decomposition of amygdalin, 
‘and Moriggia and Ossi, and Gérard, have separately shown thut 
‘the seoretion of the sinall intestine of certain herbivora has the 
same power, but tho specific enzyme has not been isolated, 

Emnulsin acts most energetically at temperatures between 
40° and 50° C,; above the Intter point its power gradually: 
declines, but it is not entirely destroyed till heated to near 
80°C. It works best in neutral solutions, but its aotivity is not 
‘materially impeded by the presence of small quantities of either 
acids or alkalis, It is precipitated by a solution of tannin, 
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Myrosin. 

‘This body, which is the characteristic enzyme of the Cruci- 
forae, was first discovered by Bussy. Not only is it widely 
distributed throughout the Cruciferae but it occurs also in 
several closely allied Natural Orders, Ib acts 


Mustard, glucove and hydrogen-potassium aulphate being simal- 
tancously formed, according to the equation 


ee = GH.CNS + C\H,0, + KHSO, 
Bale howe Edroa 


att besrg 


Tt is remarkable that the decomposition of the glucoside ia 
‘upparently not associnted with the incorporation of w molecule 
‘of water, o that it docs not appear to be a process of hydro- 
lysis, az in all the other cuses vo far examined. Van Rijo has 
stated however that sinigrin contains a molecule of water and 
that its formula may proferably be given ns CyE,NS.KO,+H,0. 

When the seed of the black mustard, Sinapie (Brassica) 
nigra, is bruised and treated with water, the odour of the 
sulpho-cyanate of allyl is easily recognisable, Both the myrosin 
and the glucoside are contained in the seed, but in separate 
cells, and the reaction is the result of their being broaght 
together by tho solvent, 

Sinigrin can be prepared from the seeds of tho black 
mustard by the following method, which is a modification 

‘that used by Bussy. A kilogramme of the powderod soods 
extracted with 1°5 litre of alcohol of 82 per cent, strength; 
‘und boiled till the alcohol is reduced to 1250 ce. The residue 
as pressed while hot, and again boiled with a further quantity 
‘of alcohol, After decantation of the spirit it is then 
‘and dried at 100° C, and digested for 12 hours with three 
times its volume of cold water, ‘The residue ig again separated | 
‘by decantation and digested with two volumes of water. ‘The 
‘two aqueous solutions ure evaporated to a eyrupy consistency, | 


— 
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after the addition of a little carbonate of barium. This syrupy 
residue is then exhausted by boiling alcohol, of 85 per cent. 
concentration, which dissolves the sinigrin, After filtration the 
spirit is distilled off, and the glucoside crystallises out. 

‘The localisation of myrosin hus been the object of a very 
elaborate research by Guignard, who has investigated its oceur- 
rence in a very large number of plants belonging to the 
Natural Orders, Cruciferae, Copparidacene, Resedaceas, Tro 
poolacene, Limnanthaceaa and Papayaceae, nnd hns carefully 
‘scrutinised the various regiona and organs of typical members 
ofall these groups, In 1886, Heinricher showed tht in many 
of the plants of the Cruciferae, special cells, very variously 
distributed, could be recognived by the peculiar nature of their 
contents, They gave very strongly-marked proteid reactions 
and hence he considered them to be reservoirs of albuminoid: 
matorinl. Guignard has found similar colls widely distribated 
in plants belonging to all the Nataral Orders mentioned and 
by similar tests to those he employed in the eases of the 
cherty-laurel and almond, he has identified them as the celle 
which contain myrosin, They are recognisable by their finely 
granular contents and by their being free from starch, chloro 
phyll, fatty mattor, and aleurone grains, though they are situated 
in various regions among other cells which contain one or more 
‘of these constituents, When the tissue in which they lie is 
‘treated with Millon's reagent and warmed, these oells bocome 
orange-red in colour, while the parenchyma in which they are 
embedded only takes on a pale pink tinge. They give a violet 
red coloration with enpric sulphate and caustic potash. These 
cells contain, associnted with their protoplasm, a quantity of 
amorphous proteid matter, which is coagulated by alcohol, and 
then separates from the peripheral protoplasm in tho form of 
courvely-granulated masses, which on subsequent treatment 
with Millon’s reagent are coloured a more vivid red than 
the protoplasm. ‘The cells can be distinguished among the 
parenchyma in which they lie by staining with methyl-reen 
‘and other anilin dyes ly they are slightly kiger than 
‘the surrounding cells and are longer and less regular in shape. 

The power of decomposing sinigrin possessed by pieces of 
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difforont tissues carefully dissected out was found by Guignard 
‘to vary with the number of such cells which the tissue con 
tained. The myrosin seems to be associated in them with 
the proteid rantter, just as in the case of emulsin as described 
above. Tho demonstration of the prosance of myrosin in these 
cells was raost easily effected in the Wi eons 
Bese nae ri rere 
{sven i geceepl pimeieoe eater 
Ree eaiiso rit unless, the characteristic odour of the 
sulpho-cyanide of allyl waa perooptible almost immediately. 
Guignard found throughout his experiments that any tise 
‘ining those cells could effect the decomposition, but that 
if they were not present the tissue could not act upon the 


‘The results of Guignard’s researches into the localisation 
of these cells in the plants of the various Natural Orders 
mentioned may be briefly summarised na follows :— 

Roots, Chiefly in the cortex, but sparsely in the wood, In 
eee an hte yreventing: She wed 1s sala Fate 

und contains them. In woody roots they are found 
in the secondary bast as well as in the cortex and to a less 
extent in the medullary rays, In the Capparidaceae the wood 
ontains none, but sone are found in the pith. In the 
Resedacene they do not occur further inwards than the bast, 
Tn the Papayaoene the root is not very rich in myrosin. 

Stems, ‘There is » good deal of variety in the distribution 
in difforent species. Spouking genomlly, the perieyele and the 
tisenes derived from it are richost in the enayme, while the 

bast comes next in importance, When the special 

‘cells occur in the region of the wood they are generally in the 
sobialeey say The pith also contains some of ther, Guig- 
raed recognises nine types of distribution in the stems of the 


(1) The poricyclo alone, Lepidium gative etc, 
(2) ‘Tho perieycle and the primary and sccondary bast. 
clieiranthotdes, 


Erysinum 
(8) The cortex chiefly, but the pericycle to a loss extent, 
Moricundia hesperidiflora, 


— 
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(4) The cortex, and the bust under a thin and seleren- 
chymatous porieycle. Iberi# amara eta, 

(6) The cortex, perieycle and pith, Nasturtium officinale 
ole. 


(6) The cortex, pericycle, and secondary bast. Bunias 

orientalis eto. 

(1) The cortex, pericycle, secondary bast and pith, Rax 

phanus sativus etc. 

(8) The cortex and pericycle chiefly; also the primary 

and secondary bast and pith. Brassica migra te, 

(9) The cortex, pericycle, primary and secondary boat, 

woody parenchyma and pith. Cochlearia armora- 
cod ete. 

‘The distribution in the other fumilies referred to is similar, 
with the exception of the Papayacene, in which group the 
stems contain but little myrosin. In the Limnanthaceaa the 
special cells lie mainly in the lacunar cortex, but a few are to 
be found in the bast; in the Tropaolacene they generally form 
groups or nodules of cells in the hypodermal layer of the 
cortex, a fow being in the bast. 

Leaves, Species that contain many of the myrosin-sooreting: 
colls in the axis of the plant generally exhibit them in the 
Toaves also, and the relative proportion ix often grentest there. 
‘They occur throughout the mesophyll but are usually most 
numerous towards the lower surface. In some leaves they are 
localised in the mesophyll and the perieycle; in others chiefly 
in the perieycle and ia the bast of the veins, Tn a fow eases 
they ocour in the ondodermis of the bundles In the Cappari~ 
daceae they are found two or three together, the groups 
‘extending through the parenchyma. In the Limnanthacone 
they are principally in the epidermis of the lower susfree, 
‘They are very long in comparison with their breadth, and 
‘appear almost tubular; sometimes two or more lie side by sida, 
Tn the Papayscene differont species vary us to the abundance 
of myrosin they contain. A good don! is present in the lenves 
of Carica condinamarcensis and Vasooncella queroifolia, the 
cells being chiefly found in the Iamina. 

Flowers, Yn the Cupparidacese the flower contains large 
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(4) The cortex, ond the bast under a thin and scleren- 
chymatous peticycle, Iberia amara ete. 

(5) The cortex, perioycle and pith, Nasturtium officinale’ 
otc. 

(0) The cortex, poricycle, and secondary bast, Bunias 
orientalis eto, 


(7) The cortex, pericycle, secondary bast and pith. Ra- 

phanus sativus etc. 

(8) Tho cortex and pericycle chicily; also the primary 

and secondary bust and pith, Brassica nigra eto. 

(9) The cortex, pericycle, primary and secondary baat, 

woody parenchyma and pith, Cocklearia armorax 
0a eto, 

‘The distribution in the other families referred to is similar, 
with the exception of the Papayacene, in which group the 
stems contain but little myrosin, Tn tha Limnanthaceae the 
special cells lie mainly in the Incunar cortex, but a fow are to 
be found in the bast; in the Tropeolaceae they generally form 
groups or nodules of cells in the hypodermal layer of the 
cortex, a few being in the bast. 

Leaves. Species that contain many of the myrosin-secreting 
cells in the axis of the plant gencrally exhibit them in the 
Teayes also, and the relative proportion is often greatest there. 
‘They ovcur throughout tho mesophyll but are usually mosh 
numerous towards the lower surface, In some leaves they aro 
localised in the mesophyll and the perieycle; in others chiefly 
‘in the pericycle and in the bast of the veina Ina few cases 
they occur in the endodermis of the bundles, In the Cappari- 
duceae they are found two or three together, the groups 
extending through the parenchyma. In the Limnanthacese 
they aro principally in the epidormis of the lower surfioe. 
They are very long in comparison with their breadth, and 
appear almost tubular; sometimes two or more liv side by side. 
To the Papaynceae different species vary as to tho abundanco 
‘of myrosin they contain, A good deal is present in the leaves 
‘of Carica oondinamarcensis and Vasconcella quereifolia, the 
eclls being cbie@y found in the lumina, 

Flowers. In the Cnpparidaceae the flower contains large 


| 
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(4) The cortex, and tho bast under a thin and scleren~ 
chymatous pericycle. Iberie amara ete. 
(5) The cortex, pericycle and pith. Nasturtivm oficinale 


to, 
(6) The cortex, pericycle, and secondary bast Buniax 
orientalis eto. 

(7) The cortex, poricycle, secondary bast and pith. Ra- 

phanus sativus ete. 

(8) The cortex aud pericycle chiefly; sleo the primary 

and secondary bast and pith. Brassica nigra eta. 

(9) The cortex, pericycle, primary and secondary bast, 

woody parenchyma and pith, Cockleania armora- 
cou ete, 

‘The distribution in the other families referred to is similar, 
with the exception of the Papayaceae, in which group the 
stems contain but little myrosin. In the Limnanthacens tho 
special cells lie mainly in the lacunar cortex, bat a few are to 
Ve found in tho bast ; in tho Tropmolaceno they genorally form 
groups or nodules of colls in the hypodermal layer of the 
cortex, a fow being in the bast, 

Leaves, Species that contain many of the myrosin-seereting 
cells in the axis of the plant generally exhibit them in the 
Jeaves also, and the relative proportion is often greatest there. 
They ocour throughout the mesophyll but are usually most 
‘numerous towards the lower surface. In some leaves they are 
localised in the mesophyll and the pericycle; in others chiefly 
in the pericycle and in the baat of the veins. In a fow oases 
‘they occur in the endodermis of the bundles, In the Cappari- 
duoows they are found two or three together, the groups 
extending through the parenchyma, In the Limnanthaceae 
they are principally in the epidermis of the lower surface. 
‘They are very long in cotnparison with their breadth, aud 
appear almost tubular; bometimes two or more lic side by side, 
Tn the Papaynceae different species vary os to the abundance 
‘of myrosin they contain, A good deal is present in the loaves 
of Carica condinamarcensis und Vasconcella quercifotia, the 
cells being chiefly found in the lamina, 

Flowers. In the Copparidacene the flower contains large 
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‘Though the action of myrosin has been examined chiefly 
with regard to the decomposition of sinigrin, it is equally 
efficacious in splitting up sinalbin, the glucoside prosent in the 
White Mustard, Brassica albu, and there seems no doubt that 
it can decompose all the glucosides which are so prominent in 
the Natural Orders mentioned, These are much alike in the 
produets of thelr decomposition, the aromatic molecule varying 
in different oases. 

Guignard has carried out a research on some of the chemical 
and physical proporties of myrosin, in which he has found it, to 
possess many points of ngrooment with othor enaymea His 
material was drawn from two sourees, the outer integument 
of the seed of Carica papaya, and the extract of the ground 
seed of the White Mustard. ‘The enzyme behaved in aa 
almost identical manner in the two cases. 

‘The outer coat of the seed of Carien ean be easily separated 
from the rest of the structure. It swells up considerably in 
water and assumes an olmost mucilaginous consistency. The 
inner coat is hard and selerenchymatous, so that the outer 
envelope can be easily separated from it. The cells of the 
outer coat contain hardly anything but myrosin, and a fairly 
pure preparation of the enzyme can be obtained by swelling 
up this layer, separating it from the inner coat, drying it and 
grinding it to powder. A very minute quantity of this powder 
is sufficient to sot up decomposition of the glucoside. 

Guigonrd prepared it from the White Mustard by grinding 
number of the seeds and soaking them in water at 40° C. for 
several hours, ‘The filtrate from the paste so formed was then 
heated to 70°C, to coagulate the larger part of the proteids: 
which were subsequently separated by a farther filtration, ‘The 
myrosin was thrown down from this filtrate by the addition of 
‘two volumes of alcohol of 90 per cent. concentration, filtered 
off and dried over a water-bath nt 30° C,, being finally washed 
with ether, 

In his experiments on the properties of myrosin, Guignard 
‘used both these preparations side by side throughout, 

‘The onzyme was found to show certain poculiarities with 
regurd to its power of resisting destruction by high temperatures. 


162 GLUCOSIDR-SPLITTING ENZYMPA ERYTHROZYME. [CH 


seeds of Carica, 20 c.c. of water, and ‘02 grin, of sinigrin, and 
to the several tubes of the series he added gradually increasing 
proportions of chloral, and digested them at 40°C, He found 
that a tube containing 1 per cent. of chloral evolved a strong: 
‘odour of allyl snlpho-eyanate in 15 minutes; in the presence 
of 2 per cent. much Jess was produced ; with 3 per cont, the 
odour was only just perceptible in that time; with 4 por cont, 
there was no odour till after 30 minutes; and with 5 por cont, 
the action could not be detected till the expiration of an 
hour, Subsoquent digestion for 12 hours did not increase the 
intensity of the odour, When a tube was heated to 80°C. 
for 2 minutes with 1 per cent. of chloral, the enzyme was de- 
stroyed. ‘That temperature alone was without offect upon it. 

Alum and borax, which have antiseptic properties, exercised 
but little inflnenoe upon myrosin, quantitics of Jess than 6 to 8 
per cent, being innocuous 


Erythrosyme. 

A third enzyme which is capable of splitting up a glncoside 
was discovered by Schuuck in 1862 in the root of the Madder 
plant (Rubia tinctoria). Unlike the others so far described, it 
has a very limited distribution and act upon only a single 
glucoside. ‘The latter, which Schunck named rubian, was in- 
vestigated by him two years earlier. He found that by soaking 
the cortical tissue of the root in water he could extract from it 
a body which on the addition of cither protochloride of tin, or 
acetate of lead, yielded a beautiful purple precipitata After 
separating thie from the liquid by filtration, on suspending it 
in wator and passing a stream of sulphuretted hydrogen through 
it, the sulphide of tin which was formed carried down with it part 
of the colouring matter, leaving another part in solntion, ‘The 
mixture of these two had been previously deseribed by Kuhl- 
‘mann as a single colouring matter uader the name of Xanthine. 
‘The precipitated sulphide of tin with its ndheront colouring, 
matter when colleoted on a filter and well washed with cold 
water, gave up to boiling alcohol the colouring matter alone, 
forming a yellow solution. ‘This on evaporation deposited the 





facet onh gatradiGo db AG tha imal hice 
and other bodies of complex composition being also 
‘prescat in the solution, 

‘Tho enzymo, like the glucoside, was prepared from a watery 
extmot of the madder root, A quantity of the latter was ground 
‘and placed upon a layer of fine canvas and extracted with 
Tnrge volume of distilled water, 4 quarts being used for each 
pound of ground root. During the process the temperature of 
‘the liquid was maintained at 38°C, The watery extrac was 
added to an equal bulk of alcohol, when n brown flocenlent 
precipitate out, Thin was sepanited by decantation 
and woxhed on a filter with alcohol till the latter failed to extract: 





‘Thia crude material contained the enzyme, mixed however 
with various pectic bodies and probably some pectase, » peculiar 
‘énayme which will bo described in a subsequent chapter, 

‘Whon quantity of it was added to a solution of rublan and 
Joft at the ordinary Inboratory temperature for a few hours, the 
liquid bocsine a jolly of a light brown colour, tasteless, and 
Yngoluble in cold wnter. After standing for « time, any water 
“which wes pased through it remained uncoloured, Schunck took 
‘this point to be that at which the notion of the enzyme ceased. 
‘Tho Nquid remained neutral in renction, and thero waa no evo- 
Jution of any gax Tho jelly in all probability resulted from 
the action of the pectase on certain constituents of the extract, 
‘ns we shall sco Inter. In addition to the antecedent of the 
1 oaspavebetpybtrert as eo 

rubinu. By approprinte treatment Schunck separated from it 
[ediaorin, the’ porple colouring matter which is formed froma 


tubiagin, 
‘of a fatty character, Tho water with which the jelly had been 
washed contained glucose and certain pectic bodies. 
‘The decomposition was ‘of a very complex cha- 
racter, for under various modifications of the treatment, the 
ua 
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proportions of the various resulting products were found to 
vary considerably. Under the conditions described the sugar 
and the rubiagin and rubiagin were in grentest amount, and 
the alizarin in smallest, the quantity of rubirotin and vermatin 
being intermediate between the others, When a trace of 
sulphuric acid was aided to a solution in which the action 
wus proceeding, the bulk of the product consisted of rubi- 
rotin and verantin, a little alizarin and rubiagin also being 
formed, When the liquid was made alkaline instead of acid, 
carbonate of soda being used in small quantities, there was 
formed a large amount of rubiafia, more than the average 
quantity of alizarin, a moderate amount of rubiretin and 
verantin, and no rubinfin, Excess of caustio alkali produced 
the aame result as dilute sulphuric acid, ‘The mora the 
action was retarded by any cause, the more rubiretin and 
verantin aod the less alizarin resulted, 

From his numerous experiments under varying conditions 
Schunck came to the conclusion that the decomposition involved 
threo portions of rubian. The Grst lost water and gave rise to- 
alizarin, The second also lost water, but produced rubiretin 
nd verantin in equal proportions, ‘The third only was truly 
hydrolysed, takiog up water and producing sugar and rubiatin, 
or with more water, rubiagin, The rubiadipin he found to be 
present ia very small quantity, and he hold both its origin and 
nature to be very uncertain, Schunok attributed all these 
actions to the influence of the enzyme, which ho named 
erythrozyme, 

‘This body is insoluble in water, but remains in suspension in 
it, and can be thrown down from such @ suspension by the ad= 
dition of acetate of lead or bichloride of mercury, Its activity. 
is destroyed by heating it to 100°C. in the presonoe of water, 

Erythrozymo is apparently related to emulsin, for the Intter: 
‘enzyme has also a limited power of action on rubian. Sebunok 
used @ preparation of emulsin from bitter almonds, which he 
obtained by precipitating the watery extract of the seeds by 
alcohol, after gotting rid of the oil which they contain. He 
found that emulain formed alizarin, verantin, and rubiretin from: 
the rubian, the alizarin being in greater quantity than when 
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Tp can be precipitated by the nddition of alcohol to the cold 
water extruct of the fruit, Its optimum temperature is 70°C. 
ond it is destroyed on heating its solution to 85°C. 


Gaultherase (Botulase), 


‘The fifth enzyme of this group which calls for notice has 
been the subject of investigations by Schneegans and by Bour- 
quelot, Ib was detected by the former of these observers in 
the burk of Betula lenta and he gave it the name of betulase 
Bourquelot found it independently in several plants, among 
which may be mentioned especially Monotropa 
Gaultheria Spirea Ulmaria, & Filipendula, and 
several species of Polygala. It hydrolyses gaultherin with the 
formation of methylsaliqylic acid (oil of winter-green) and 
glucose, the following equation representing the reaction ;— 

©,,F,0, + H,0 =C,H,OHCOOCH, + 0,H,,0, 
gwultherin methylaalioylio noid — glucose 

Bourquelot has named it yaultherase, from the name of the 
glucoside. 

Gaultherin was first discovered in 1844 by Procter in the: 
bark of Betula lenta; he was not successful in preparing it in m 
pure condition, but he ascertained that on decomposition iy 
yielded methylsalicylic acid, and he stated that the same barle 
contained » ferment which was capable of splitting it up. Fifty 
yeurs later Schnoegans and Gerock prepared the glucoside from 
‘the same source but by a method which enabled them to get it 
in a crystalline form and to determina its formula, 

Tn the same year Bourquelot found that the oil of winter« 
green could be prepared from several species of Polygala (P. 
rulgaris, P. calearea, and P. depressa) and from Monotrope 
hypopythia, parasite which grows upon the roots of several 
tives, especially some species of Pinus. Monotropa ix the 
typical genus of the Natural Order Monotropaceae, which ix 
Sumetimes considered only a suborder of Hnioaceae. 

‘On bruising the roots of the species of Polygala or the stems 
of Monotropa the characteristic odour of the oil of wintergreen 


Bourquelot prepared both the glucoside and the enzyme 
Job sohe  isaege ecctimee metiraeateae! though both 
present, thoy are not found in the sume cells, and thut con- 
Srenien the mothylealieylic ackd noticed soon after bruising 
‘the tissues does not exist in the plant during its intact condition 
‘bat is formed as a result of the injury. 

He prepared the enzyme by the following treatment :— 
recently gathered Monotropa plaute were triturated in a mortar 
with washed wind; the mixture was digested for half-an-hour 
with 96 por cent. alechol and the lavter removed by filtration, 
‘The contents of the filter were then washed with nleohol and 
subsequently with ether, and dried in contact with the air 
‘The powder 40 produced contained the enzyme. 

Tt is of course apparent that the latter is not in any degree 
isolated by this method, ‘The powder must contain all the 
constituants of the plant except such as are soluble in alcohol 
and other, As the glucoside however is soluble in the former 
medium, the method ean be relied on to separate the two bodies 
which take part in the hydrolysis, 

found that a little of the powder when added to 
‘an aqueous solution of guulthorin very speedily produced the 
odour of methylsnlicylic uoid. 

Schnoogans states that the activity of the enzyme ia in- 
creased by the presonce of small quantitios of alkalis or mineral 
acids, 


‘Gaultheruse is present in considerable quantity in the leaves 
and berries of Ganitheria procumbens, The characteristic pro- 
duct of ite action, Sata gla at scala Va 
extracted from the same parts of the plunt by distilling them 
with water. 

‘Bourquclot bs propared the enzyme alzo from the roots of 

ealearea and P. vulgaris, the roots of Spiraa Ulmaria, 

S Pilipenduls, and 8. salicifolia, aud from the petals and leaves 
of soveral varieties of Asulea. 

Bourquelot has confirmed the early work of Procter and the 
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researches of Schneegans, showing that the same enzyme exints 
in the bark of Betula lenta, Tt doe not appoar to be quite 
cortain that the glucosides of Monotropa, Polygala and the 
other plants are identical with the gaultherin propared from 
Betula by Sehneegans and Gerock but it scems probable, as 
in all cases the sime enzyme effects its decomposition and 
the ail of winter-green appears as one of the products of the 
hydrolysis, 


Tannase. 

‘Tho fermentation of tannin has been exnmined by Strecker 
and by Van Tioghem. ‘The former observer shawed it to be a 
glucoside and to undergo hydrolysis ucoording to the equation 


4H,0 =: s+ CHL, 
Tene ea Gea 


Van Tieghem showod that certain moulds can decompose 
tannin, gallie acid boing ono of the products. 

Reoently Fernbach and Pottevin, working independently and 
in ignorance of each other's researches, have ascertained the 
presence of an enzyme in one of these moulds, Aspergilins 
‘niger, ond have proved the hydrolysis to be due to its action, 
Both propared the enzyme by cultivating a quantity of the 
fungus in Raulin’s solution, in which tannin in the i 
‘of about 8 por cent, replaced the sugar of the normal fluid. 

Fernbach prepared the enayme from the erop of fungus by 
the method adopted by Lintner for the preparation of diastase, 
which has already been described, obtaining it ns a grey powder, 
soluble in water. Mixing some of this with a 10 per cent, sola 
tion of tannin and keeping it at 60°C, all the tannin dis 
and on cooling the vossel w precipitate of necdlo-shaped crystals 
of gullic acid rapidly followed. 

Pottevin made an extract of the mycelium in chloroform 
water and sterilised it by filtration through a Chamberland filter. 
He thon propared two series of sterilised tubes, in each of which 
ho put 10 oe, of « 80 por cont, solution of tannin which had 
oan similarly filtered. ‘To each he added 10 ee. of the sterilived 
extract, and then boiled one aries for several minutos. He then 
sealed them all with the blow-pipe and kept them at 25°C, 
After a fow days the unboiled tubes contained a deposit of gallic 
asid while the boiled controls remained unaltered, 
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‘Though the action of myrosin has been examined chiefly 
with regard to the decomposition of sinigrin, it is equally 
efficacious in splitting up sinalbin, the glucoside present in the 
White Mustard, Brassica alba, wnd there seems no doubt that 
it can decompose all the glucosides which are so prominent in 
‘tho Natural Orders mentioned. These are much alike in the 
products of their decomposition, the aromatic molecule varying 
in different cases, 

‘Guignard has carried out @ resenroh on some of the chemical 
and physical properties of myrosin, ia which he has found it to 
‘possess many points of agreement with other enaymes, His 
material was drawn from two sources, the outer integament 
of the seed of Carica papaya, and the extract of the ground 
seed of the White Mustard. The enzyme behaved in an 
almost identical manner in the two casea, 

‘The outer coat of the seed of Carica can be easily separated 
from the rest of the structure. It swells up considerably in 
water and assumes an almost mucilaginous consistency. The 
inner coat is hard and sclerenchymatous, ao that the outer 
envelope can be easily separated from it, The cella of the 
onter coat contain hardly anything but myrosin, and a fairly 
pure prepuation of the enzyme can be obtained by swelling 
up this lnyer, separating it from the inner coat, drying it and 
grinding it to powder, A very minute quantity of this powder 
is suificient to set up decomposition of the glucoside, 

Guignard propared it from the White Mustard by grinding 
@ number of the seeds and soaking them in water nt 40°C, for 
several hours. The filtrate from the paste so formed was then 
heated to 70°C. to coagulate the larger part of the proteids 
which were subsequently separated by a further filtration. ‘The 
myrosin was thrown down from this filtrate by the addition of 
two volumes of alcohol of 90 per cent. concentration, filtered 
off and dried over a water-bath at 30°C., being finally washed 
with ether, 

In his experiments on the properties of myrosin, Guignard 
used both these preparations side by side throughout. 

"The enzyme was found to show certain peculiarities with 
regard to its power of resisting destruction by high temperatures, 


— 
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swods of Carios, 20 qo. of water, and -02 grm, of sinigrin, and 
to tho several tubes of tho series ho added gradually increasing 
proportions of chloral, and digested them at 40°C. He found 
‘that tube containing 1 per cent. of chloral evolved a strong 
odour of allyl sulpho-cyanate in 15 minutes; in the 
of 2 per cent, much less was produced; with 3 per cent, the 
odour was ouly just perceptible in that time; with 4 per cent, 
there was no odour till after 30 minutes; and with 5 per cont 
the action could not be detected till the expiration of an 
hour, Subsequent digestion for 12 hours did not increase the 
intensity of the odour, When a tube was heated to 80°O, 
for 2 minutes with 1 per cent. of chloral, the enzyme was de- 
stroyed, That temperature alone was without effect npon it. 
‘Alum and borax, which have antiseptio properties, exercised 
but little influence upon myrosin, quantities of less than 6 to 8 
‘por cont, being innocuous, 


Erythrosyme. 


A third enzyme which is capable of splitting up a glucoside 
was discovered by Schuuck in 1852 in the root of the Madde 
plant (Zubia tinctoria). Unlike the others so far described, ib 
has a very limited distribution and acts upon only a single 
glucoside, ‘The Intter, which Scbunck named rubian, was ine 
vestigated by him two years earlier. He found that by soaking 
the cortical tissue of the root in water he could extract from it 
a body which on the addition of either protochloride of tin, or 
acetate of lead, yielded a beautiful purple precipitate. After 
separating this from the liquid by filtration, on suspending it 
in water and passing a strvain of sulphuretted hydrogen through 
it, the sulphido of tin which was formed carried down with it part 
of the colouring mattor, leaving another part in solution. ‘The 
mixture of these two had beon previously described by Kuhl 
mann as a single colouring matter under the name of Xanthing, 

‘The precipitated eulphide af tin with its adherent colouring 
matter when collected on a filter and well washed with cold 
water, gave up to boiling alcohol the colouring matter alone, 
forming a yellow solution. ‘This on evaporation deposited the 
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proportions of the various resulting products were found to 
vary considerably, Under the conditions described the sugar 
and the rubiafin and rubiagin were in greatest amount, and 
the alizarin in smallest, the quantity of rabiretin and verantin 
being intermediate between the others, When a trace of 
sulphuric acid was alded to a golution in which the action 
yeas proceeding, the bulk of the product consisted of rubi- 
retin and verantin, @ little alizarin and rubiagin also being 
formed. When the liquid was made alluline instead of noid, 
carbonate of soda being used in small quantities, there was 
formed a largo amount of rubinfin, more than the average 
quantity of alizarin, a moderate amount of rubiretin and 
verantin, and no rubiafin, Excess of caustic alkali produced 
‘the same result a dilute sulphuric ucid. The more the 
votion was retarded by any cause, the mor rubiretin and 
verantin and the less alizarin resulted. 

From his numerous experiments under varying conditions 
Schunck came to the conclusion that the decomposition involved: 
three portions of rubian, Tho first lost water and gave rise to 
alizavin. The second also lost water, but produced eubjretin 
and verantin in equal proportions. ‘The third only was truly: 
hydrolysed, taking up water and producing sugar and rubiafin, 
or with more water, rubiagin. The robiadipin he found to be 
present: in very small quantity, and he held both its origin and 
nature to bo very uncertain, Schunck attributed all these 
actions to the influence of the enzyme, which ha named 
erythrosyine, 

‘This body is insoluble in water, but remains in suspension in 
it, and can be thrown down from such a suspension by the ad- 
dition of acetate of lead or bichloride of mercury. Its activity 
is destroyed by heating it to 100° C. in the presence of water, 

Erythrozyme is apparently related to emulsin, for the latter 
enayme bas also a limited power of action on rubian, Schunok 
‘used & preparation of emulsin from bitter almonds, which he 
obtained by precipitating the watery extract of the seeds by 
alcohol, after getting rid of the oil which they contain. He 
found that emulsin formed ativarin, verantin, and rabiretin from 
the rubian, the alizarin being in greater quantity than when 
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Te can be precipitated by the addition of alcohol to the cold 
water extract of the fnit, Its optimam temperature is 70" C. 
‘und it is destroyed on heating its solution to 85°C, 


Gaultherase (Betulase), 


The fifth enzyme of this group which calls for notice hus 
been the subject of investigations by Schneegans and by Bour- 
quelot. Tt was detected by the former of these observers in 
the bark of Betula lenta and he gave it the namo of batulase 
Bourquelot found it independently in aeveral plants, among 
which may be mentioned especially Monotropa hypopythis, 
Gauttheria proounbens, Spirea Ulmaria, 8, Filipendula, and 
= species of Polygula. Tt hydrolyses gaulthorin with the 

of methylealicylic acid (oil of winter-green) and 
gee the following equation representing the reaction — 


CyH,0,+ H,0 = O,H,OHCOOCH, + O,H..0, 





gaultheria methylealivylic acid glucose 
Bourquclat has named it gaultheraas, from the name of the 
glucoside, 


Gaultherin was first discovered in 1844 by Procter in the 
Dark of Betula lenta; he was not successful in preparing it in a 
pure condition, but he ascertained that on decomposition it 
yielded methylsalicylic acid, and he stated that the sane bark 
contained a ferment which was eapable of splitting it up. Fifty 
yoars lator Schneegans and Gerock prepared the glucoside from 
‘the same source but by a method which enabled them to got it 
in a crystalline form and to determine its formula, 

Tn the same year Bourquelot found that the oil of winter- 
green could be prepared from several species of Polygala (P. 
vulgaris, P. calcarea, and P. depressa) und from Monotropa 
hypopythia, parasite which grows upon the roots of several 
trees, especially some species of Pinus, Monotropa is the 
typical genus of the Natural Order Monotropaceae, which is 
sometimes considered only a sub-order of Aricaceaa 

‘On bruising the roots of the species of Polygala or the stems 
‘of Monotropa the characteristic odour of the oil of winter-greeu 





the al of wintergreen appeam enone of the praiuieof the 


Tannawe. 

The fermentation of tannin has been examined by Strecker 
and by Van Tieghem. The former observer showod it to be a 
glucoside and to undergo hydrolysis according to the equation 

4H,0 = +O, 
Gor 0 = SGH+ GH 


‘Van ‘Tieghem showed that certain moulds can decompose 
tannin, gallic acid being one of the products, 

Fembash and Pottovin, working indopendently and 

in ignorance of cach other's researches, have ascertained the 

of an enzyme in one of these moulds, Asperyillua 

niger, and have proved the hydrolysis to be due to ita action. 

Both prepared the enayme by cultivating quantity of the 

fungus in Roulin’s solution, in which tannin in the proportion 
of ubout 8 per cant. replaced the sugar of the normal fluid. 

Fembach prepared the enayme from the crop of fungus by 

the method adopted by Lintner for the preparation of diastase, 

which has already been described, obtaining it ws gray powder, 

soluble in water, Mixing some of this with a 10 per cont. solu- 

tion of tannin and keeping it at 60°C, all the tannin disappeared 

and on cooling the vessel a precipitate of needle-shaped crystals 

of gallic acid rmpidly followed. 

Pottevin made an extract of the mycelium in chloroform 
water and sterilised it by filtration through « Chamberland filter. 
He thon prepared two series of sterilised tubes, in each of which 
he put 10 ce, of a 30 per cent, solution of tannin which bad 
boon similarly filtered. To euch he added 10 cc. of the steritiaed 
‘extract, and then boiled one series for several minutes. He then. 
wonled them all with the blow-pipe and kept them at 35°C, 
‘Mor a fow days the unboiled tubes contained a deposit. of gallia 
acid while the boiled controls remained unaltered. 
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On hydrolysis by dilutu acids after soparution from the 
plant, this body yields hydrooyanio acid as ane of the products, 
together with glucose and a now yellow colouring matter, which 
hos received the name lotoflavin. It appears to ba isomeric 
with the pigments which are characteristic of Keseda luteola, 
and Rhus cotinus, 

Dunstan and Henry have named tho new glucoside lotuain. 
‘They consider the action of the enzyme like that of dilute aaids 
to bo one of hydrolysis and they represent it by the following 
‘equation : 

CaHiN 0+ 25,0 = O,sEsOy + HON + OHO, 


vin Prusic Glucose 
acid 


In the plant the glucoside and the enzyme appear to bo 
contained in different und distinct cells of the tissue of the 
Teaves, so that they do not come into contact with each other 
till the latter are injured, Lotase is rapidly destroyed by 
contact with alcohol. 


Besides these enaymes, several others are known to occur in, 
different plants, but they have mot been so completely investi~ 
guied. One of them is desoribed by Schiitzonberger as being 
capable of hydrolysing phillyrin, a glucoside existing in the bark 
of Phillyrea latifolia, and poputin, which is found in that of the 
Aspen. ‘These glncosides ure not attacked by yeast nor by the 
emulsin of the almond but appear to be bydrolised by tho 
lactic Bacterium. 

‘The enzyme does not appear to have been isolated. 

Jorissen and Hairs have described some experiments with 

ies of Linum which point to the presence of an engyme 
somewhat from emulsin but yot able to hydrolyse 
amygdalin. Linum contains a glucoside to which the name 
Tinamarin hus been given, On hydrolysis it yivlds hydrocyanie 
acid, a fermentable sugar, and a body related to the ketones, 
‘The hydrolysis cannot bo effvoted hy the emulain of the almond, 
but is brought about by an extract of the seed of Linum. ‘The 
latter also hydrolysee atygdalin, as already mentioned. 

Brdaudat hos discovered another glucoside-eplitting firment 

in the leaves of Zautiv alpina, which decomposes indican, giving 
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CHAPTER XI. 
PROTEOLYTIC ENZYMES, PROTKOLYSIS. 


‘Tue next group of enzymes which must come under eon- 
sideration comprises those which effect the decomposition of 
protoids, They occur in both the animal and the vegotable 
organism nd play n very itoportant part in the metabolic 
processes. Like the diastasic ferments, they may vither exert 
their action in the interior of the cell, as in the case of most 
vogotable organisms, or they may be extruded in solution in 
special secretions, as in the alimentary canol of animals, 

Tn examining their action we are at once confronted with 
greater difficulties than in the case of the diastasic enzymes. 
‘The constitution of starch has been at any rate approximately 
determined and the sequence of changes which it undergoes on 
aymolysis ean be expressed in the form of chemical equations, 
which cortainly appear probable if they cannot, be regarded ms 
finally established. But in the case of proteids we meet with 
similar difficulties to those presented in the case of cellulose, 
We have no conception at present of their chemical constitution 
and caunot represent them by any formula, As in the case of 
cellulose again we are not dealing with a single substance, but 
with a large group the members of which show considarablo 
differences in behaviour and are no doubt differently related to 
each other, 

We find that certain proteids, such as albumins and glo- 
bulins, can be split up in various ways by different reagonts, 
and that as a result of such splitting other proteids are formed, 
which we haye reason to think have a simpler composition than 
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Seen gpa ‘We find farther that on very prow 
found decomposition certain of these oan give rise to 

bodiog which aro not proteid, cena baaapieo daa eae 
of substances known by chemists as amido-acids, All theee 
bodies ocour naturally both in the wnimal and the vegatable 
organisin. Drag anpegeeigprencantarne oe 
primary proteid such ax an albumin appears thus to be ine 
diated, resulting in Chiao aa! aber of 
derived or secondary protelds, which can be broken down finally 
into crystalline chemivsl compounds, the constitution wud rela- 
tionships of which have been fully nscertained, 

But this representation of the decomposition appears very 
‘crude when compared with the hydrolysis of starch, in esprge! 
have been able to see group after group of atoms aucceanively 
Boe Et va aborauons ate sah group fairly satisfactorily 


Ii daseraposidon af the proteid molecule hax boon effected 
by the section of dilate mineral acide at moderate and at high 
aa different products have been obtained in each 


tein a bun subjected to m prolonged digestion with 
25 por cent. of hydrochloric acid at 40°C, the liquid after a 
while is found to contain at least four products of dooomposi- 
tion, known a4 antialbumate, antialbumid, hemialbumose and a 
‘variety of peptone, Auntialbumate can be separated from the 
rest by careful noutralisation of the liquid with « weak alkali, 
Gillespie says it falla just bofore comploto neutralisation, It 
is soluble only in faintly acid and alksline solutions and differs 
from albumin and globulin by not boing cougulated whon 
‘its solntions are boiled, Antialbumid appears to result from 
the further action of the acid on the antialbumate; it is almost: 
‘or quite insoluble in acid liquide, 40 that it woparates ot ase 
‘granular-looking residue ns the action of the acid proceeda It 
is soluble in a somewhat stronger solution of an alkali, sueh aa 
sodic hydrate of 1 por cent, concentration, Hemialbumoxe 
does not appear to be derived from either of the other two, Ir 
is soluble in acid and in neutral solutions, eo that it is not thrown 
down on neutralisation. Tt ix precipitated on the addition 
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of a amall quantity of nitrie acid, or of acetic acid in the presence 
‘of potassic ferrocyanide, and the precipitate dissolves on warming 
‘but reappears on subsequent cooling of the liquid. The peptone, 
sometimes called hemipeptons, appoars to result: from the further 
decomposition of this body. It is ible in acid, alkaline, or 
nentral solutions, and is not precipitated on addition of nitrie 
tucid or of acetic acid and potnsio ferroaynnide, nor is its solution 
cougulated on boiling. Further reactions of all these bodies 
will be given subsequently, 

‘The decomposition effected by dilute hydrochloric acid at 
40°C. is represented by the following scheme by Kuhne, to 
whose researches much of our knowledge on this point is 
due:— 








Albumin 
Antialbumate mmose 
‘Antinll Hemipeptone Hemipeptone 





A more complete decomposition is brought about by 3—5 
per cent, of sulphuric acid when the digestion is conducted at a 
temperature of 100°C. The first splitting into two groups 
appears to be the same, but either no antialbumate is formed 
or it is nt once converted into antialbumid. On the side of the 
hemi-groupe, both hemialbumose and hemipeptone are formed, 
and the latter is still further decomposed, with the formation of 
varions amido-noids and other bodies, among which Zevoin and 
tyrosin aro conspicuous. ‘The decomposition is roprusented by 
Ktthne as follows :-— 


Atbomin 
Antialbumid Wemialbnmone 
Hom Hemipeptons 


Armido-nolds (levetn se.) Awiido-wolds (levetn A.) 


‘Tho idea which Kihne hns propounded that the proteid 
molecule is 4 double one and may be separated into an anti- 
and a hemi-moicty, each of the latter then undergoing further 


ee 
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varieties of poptone and which he accordingly named a, 6, and 
¢ peptones. 

‘The reactions of these bodies are desoribed as under:— 

(1) Parapeptone. Soluble in dilute acids or alkalis; 
solution not coagulated on boiling. Precipitated 
on neutralisation. Incapable of being converted. 
into poptono by pepsin, but digostible by an extinct 
of the pancreas, 

(2) Metapeptone, Trsoluble in very dilate acids (06 to “1 
por cont.), soluble in “2 per cent. 

(8) Dyspeptone. Insoluble in dilute acids; soluble in dilute 
alkalia, 

(4) peptone, Soluble in acid, alkaline or neutral Liquids, 
not congulated on boiling; precipitated by strong 
nitrie acid, and by potasic ferrocyanide in presence 
of dilute acetic acid, 

(5) bepeptons, Much like (4) but not precipitated by 
strong nitric acid, Precipitated by potassie ferro- 
oyanide in presence of an excess of strong acetie acid, 

(6) epeptone. Like (4) and (5) but not precipitated by 
either strong nitric acid or potassic forrocyanide in 
the presence of any proportion of acetic acid, 

Meiemer’s contemporury opponents failed to confirm his 

results excapt with rganl to the occurrence of his parapeptone: 
and o-peptonc, Meissner claimed that all the bodies he deseribed 
were due to the specitio uction of the pepsin upon the primary: 
proteids ‘The view which came to be generally accepted, largely 
owing to the influence of Briicke, was that the two bodies 
mentioned wore the solo products of a peptic digestion; that 
the former, purapeptone, resulted mther from the action of the 
acid used ; and that the popsin was capable of tronsforming it 
into peptone at a subsequent stage of the digestion. 

‘Later work however has shown that Meissner’s results come 
nourer the truth than his opponents would admit, 

The subjoct was aguin taken up several years later by 
Kuhne and his echool, who investignted with great caro and 
thoroughness the decomposition of a primary protoid by both 


b 
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the two enzymes severally ns under; the successive stages being 
in each caso hydrolytio— 


Tryprin. 
Ahura 
Ansialbamoes omialbamove 
Antipiptone ——Antipepton —-Hempaptome Bomipeptone 


! 
Amiloacde Amidoadide Amio-aciis Amidoweide 

‘The result of either peptic or tryptic digestion is thus to 

split the primary proteid into two residues, each of which gives 
ise on further decomposition to a group of compounda, ‘The 
rst or anti-revidue is peculiarly resistant to decomposition and 
never gives rise under natural conditions to o simpler body than 
peptone; the other or hemi-residue behaves difforently with 
pepsin and with trypsin, the former only converting it into 
peptone, the lntter decomposing the peptone into leucin, tyrosin, 
wud other bodies, 

‘The reactions of these products of the cleavage of a primary 

proteid may be briefly deecribed as under: 

Antialbumose, Soluble in faintly acid or alkaline fluids but 
insoluble in neutral ones, Not congulaved an boi 
Capable of being converted into peptone by either pepsin 
or trypsin, the peptone being antipeptone. 

Hemiulbumose. Soluble in neutral, acid, or alkaline Muids 
Not coagulaied on boiling, Precipitated by a small 
quantity of nitric scid, by potassic ferrocyanide in 
Presence of a trnce of acetic acid, or by a fow drops of a 
saturated solution of sodie chloride in presence of strong 
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acetic acid, the precipitate in each case 
oy enepeepreree 
Antipeptone. Soluble in neutral, alkaline, or acid actutions 
which are not coagulated on boiling. Epeser ee 
‘by mineral acids nor by acetic acid and potassic ferro 
cyanide, Incapable of decomposition into amido-acids by 


‘trypsin. 

Hemipeptona. Differing fom antipeptone only in belog 

capable of conversion into leucin, tyrosin &e, by trypsin. 

Both peptonex can be sepurated from the albumoses by 
saturation of a boiling solution with ammonium sulphate, 
which precipitates all the latter. 

‘A mixture of these two peptones, such as is prosont in a 
‘poptic digestion, is spoken of as 

‘This schome of bydrolysis though in its general lines accepted 
to the proscut time is not quite complete. Further research 
‘hos shown that it veeds modification in some important par- 
ticulars, the albumoses mentioned not being such definite bodies 
as Kihno supposed. If antialbninose is prepared and subjected 
‘to the influence of either pepsin or trypsin a peouliar insoluble 
rusidue always appears during the digestion, which gives the 
same reactions ax the antialbumid resulting from the action of 
acida. The greater part of it can be converted with some difft- 
‘oulty into antipoptone by trypsin but not by pepsin. ‘The hemi- 
albumose has also been shown to be a mixture of several 
bodies which ave formed successively rather than simultaneously. 
‘The decomposition products ot the hemipeptone are moro 
varied than Kubne supposed, His researches howuver marke 
a vory distinct advance in our knowledge of proteolysis, though 
the changes are more gradual than his theory suggests, ws it 
‘was first propounded, 

Tt will be interesting here to compare the bodies recognised 
by Ktthne with thoso described 15 yeurs carlicr by Meissner. 
‘When we consider their renetions we gee that the latter's para 

resembles antialbumose in every respect excopt that 
describes his body as incapable of poptonisation by 
pepsin. Dyspeptone is probably identical with antialbumid, 
1 eae ar nerd likely mixed with nucleios, 
agrocs very closely with Meismer's a-peptone, 

12-2 
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though the reactions of the latter have not been very fally 
described. ‘The e-peptone of Meisner was what in now called 
amphopoplone, a iwixture of the two peptones of Kubne's 
scheme. 


Further researches on the hemialbumove carried out by 
Kithne and Chittenden have shown that it is not a definive body, 
but a mixture of four closely allied but distinct albumoses, ‘The 
ame albunose is being abandoned in favour of proteose for the 
members of the group, the latter term indicating that they are 
thu results of decomposition of primary proteid mutter in general 
and not of albumin especially. ‘The proportions of the different 
constituonta in any given amount of hemialbumone vary accord 
ing to the conditions of preparation of the latter, The four 
characteristic proteoses are the following >— 

(1) Proto-proteose, Soluble in hot or cold water and dilute 
neutral saline solutions; precipitated by saturation 
of the solation with sodium chloride or magnesiam: 
sulphate. 

(2) Hetero-proteaso, Tosolublo in water and therefore 
precipitable by separating the salt from its solu: 
tions by dinlysis, Soluble in solutions of sodium 
chloride and precipitated from these on addition of 
‘tho ault to the point of raturation, 

(3) Deutero-proteose, Soluble in water; not precipitated 
dy saturation with sodium chloride unless an acid 
is added at the sume tine. Procipitated by autura= 
tion of its solution with ammonium sulphate. ‘This 
body appronches the peptones most neatly. 

(4) Dys-proteose. This is very imuch lilo hoterosproteose, 
from which it differs only in being insoluble in salt, 
solutions It is probably produced from hetero 
proteose by a speciow of congulation, 

All the proteoses can be separatod from peptone by saturate 
ing » solution containing thom with ammonium sulphate, or, 
according to Bimmer, with zine sulphate. ‘The saturntion must 
bevorycomplete and the liquid must be made auocossively neutral, 
acid, and alkaline, Saturation throws down the protooses, 

‘A modification of Kithno's achomo of hydrolyxis has been. 


— 
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closely allied bodies, so closoly related as not to be distinguish- 
able by chemical tests, and the exact composition of each group 
may depend upon the longth and intensity of the proteolytic 

088, 

Pe these protooses represent definite stages in the progress of 
the hydrolysis; the proto- and hetero-bodies yielding deutoro- 
protease and the Intter becoming converted into peptone. ‘This 
conversion is not however complete, the amount of proteases 
and poptones existing together at the conclusion of a digestion 
varying considerably. In prolonged digestion of vitellin, of 
10 days’ duration, there was found to be present 23 per cont. 
of proteoses nnd 77 per cont. of peptone. Tn another experiment 
carried out on egg-altumin, after 17 days’ action the proteoses 
amounted to 44 per cent. and the peptone to 54 per cont 
‘The difficulty of the final conversion is not dependent on 
fn inhibitory influence on the action of the enzyme caused by 
the prosunce of the products of the transformation as in the 
ease of the hydrolysis of starch into maltose, for the same 
results were found in the case of digestions earried ont in 
dialysing tubes, which permitted the escape of the product 
after their formation, 

‘A comparison of proteolysis with the hydrolysis of starch 
shows a similarity in another respect, The final product is one 
which is capable of passing by dialysis through a moist metn= 
‘brane such as vegelable parchment. Sugar ix completely 
dinlysable, starch not at all. The primmy proteids such ag 
albumin and globulin are also incapable of dialysis—peptone on 
the other hand can pass through a membrane with considerable 
facility, ‘The proteoses, seen to be intermediate between the two, 
show nluo an intermediate power of dialysis, Hetero-proteose 
1s very focblo in this respect, deutero-proteose comes next, and 
proto-proteose next, the two not showing much diferance, and 
all being much inferior to peptone. Kithne ropresents the 
relative powers of dialysis as 6°22 for hetero-proteose, 241 for 
deutero-proteose, 253 for proto-proteose and 61 for peptone. 

According to Gillespie the comparative rates of dialysis of 
proto-albumose, deutaro-albumnose, and peptone prepared from 
egg-albumin are 25, 54 and 238, 


bi 
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products obtnined to those yialdedd on zymolysis greatly supports 
the view that the latter also ie a hydrolytic process. 

‘This view is further supported by the fact that it is 
possible by the action of dehydrating agents to convert peptone 
‘into body resembling acid-albnmin, which we have seen to bean 
intermediate product formed during the conversion of albumin 
or globulin into peptone. If 10 parts of dry peptone are mixed 
with twice their weight of acetic anhydride and the mixture 
heated for a long time to 80°C., and finally the excess of acotie 
anhydride distilled off and the residue dialysed, it is found to 
be changed into m proteid that is not diffusible, is soluble in 
dilute alkali, is precipitated by acetic acid and potassic ferro 
cynnido, and by many metallic salts, as ordinary proteids nw. 
‘According to Hofmeister m similar effect may be produced by 
heating peptone for a long time to 140°C, The resulting 
brown mass contains a part soluble in water and another 
not 0, which react after the imanner of @ globulin and a 
derived albumin respectively, 

Other views of the relationship botwoen onlinary proteids 
‘and peptone have been advanced, some observers belioving that 
peptonesare polymers and others that they are isomers of primary 
proteids, Adamkiowicx suggests that they differ in the re- 
moval of salts and a rearrangement of the molecule. Schiltzen- 
berger suggested that peptone is a mixture, which, by treat- 
ment with phosphotungstie acid, can be separated into two 
parts, one containing a little more oxygen than the other, and 
both being ureide bodies, Fibrin on the other hand he held 
to be a kind of compound ether, which is saponified by the en- 
ayme, and on taking up water splits into the two bodies found, 
‘Tho trnnsformation is thus one of hydration, being the result of 
‘the decomposition of an ether by saponification. 

Kithne’s cleavage theary of the Lydrolysis of proteids is not 
now universally accepted, Objections to it wre based on the 
fact that hemipeptone has never been isolated but remains 
ws thooretical substance, The quantities of the various proteores 
fare not 0 regular 9s the theory suggests they should be. ‘The 
ature of antipeptone is also disputed; Siogfried and Balke 
deny its proteid charscter, while Kutacher states that he bas 
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found it to be a mixture of hexone bases such as argenin and 
hystidine, with traces of tyrosin, leucin, glutamic acid &. If 
this is confirmed we must consider that both hemi- and anti- 
groupe can be converted into crystalline compounds of nitrogen, 
or that the hydrolysis of proteid is not a cleavage into two 
moieties but series of successive decompositions. 
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CHAPTER XII. 
PROTKOLYTIC ENuYSE (continued) 


WE have seon in the preceding chapter thnt the enaymes 
which ean effect the decomposition of primary proteids, such as 
albumin, fibrin, eto, fall into tworcategories, represented by the 
popsin of the gastric secretion and the trypsin of the pancreas 
They are alike in their power of splitting up the provid 
molecule, probably inducing hydrolysis or decomposition after 
incorporation of one of more molecules of water. ‘The first 
products of the cleavagn of the primary proteid are probably 
the same in both cases, identienl or at any rate corresponding 
secondary products being formed, The two ferments differ hows 
ever in the extent to which the decomposition is carried out 
by thom, the peptic enzyme never taking it beyond a point 
at which the final product is still undoubtedly a proteid, de. 
peptone; the tryptic ferment splits this up still further, with 
the formation of amido bodies such as loucin, tyrosin, axparagin, 
and others. That these bodies are products of the decomposition 
of proteid is shown further by the fact that in vegetable motu 
bolism, they, or some of them, have been shown to be antecedents: 
of proteid or to take part in its construction, disappearing from 
the cella as proteid is formod. ‘The tryptic enzymes are accord 
ingly to be regarded as much the more energetic. ‘They are 
found to be of much wider distribution both in animals and 
plants, wo much so that when only one proteolytic ensyme ia 

in an organism it ix almost invariably a tryptio one, 
Tn the metabolic processes concerned in nutrition it seems 
necessiry, or at any rate advantageous, that the proteid 
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considemble quantity of water containing 5 per cent. of phosphoric 
acid, and after straining off the débris filtered hin extract and 
added lime water almost to the point of neutralisation, A 
heavy precipitate of calcie phosphate was thus obtained in the 
‘extract and the pepsin was almost entirely earried down with 
it, mixed however with a cortain amount of proteid matter. 
‘The precipitate was noxt dissolved carefully in dilate hydro- 
chloric neid, avoiding great excess, and again thrown down by 
addition of lime water, A certain portion of the contaminating 
proteid escaped precipitation, vo that the pepsin clinging to 
the lime salt was much purer than before, Tt was again 
dissolved in dilute hydrochloric acid, and a solution of choles 
sterin in w mixture of four parts of alechol and one part of 
ether was poured through a thistle fannel to the bottom of the 
vessel containing the pepsin, Cholesterin is insoluble in water, 
and therolore as the light liquid containing it row towards 
the surface, it separated out ax a vory fine precipitate. The 
separation was facilitated by shaking the flask in which the 
‘operntion was conducted. ‘The papsin adhered as before to the 
inert precipitate, which was removed by filtration and washed 
with very dilute acetic acid and subsequently suspended in a 
little water, The moist mass was then agitated with ether, 
which dissolved the cholesterin and left the pepsin in solution 
in the water, The Jatter was removed by menns of a separating 
funnol, Ik was necessary to repeat the extmetion by other 
several times to ensure the removal of the whole of the chole- 
sterin. The separation of the ether from the watery extract was 
completed by exposure to the air and the extract filtered and 
further purified by dinlysia, 

A moditication of this process has been adopted by Maly, 
who instead of using the method of separating the popsin 
by cholesterin, dialysed the hydrochloric acid solution till it 
‘was free from chlorides and phosphates. By this means he got 
rid of nearly all the admixed substances. 

‘Tho methods adopted by von Wittich, Wirtz, and Loew, 
described in connection with the prepation of diastase, art 
also applicable to the extruetion of pepsin, Loow's lend method 
‘was formerly used in tho proparation of tho popsin of commerea 





190 FROTEOLYTIC ENZYMES, PEVSIN, (eu. 


tube. The glandular structuros of the wall correspond in their 
distribution to this variation of enzymic power, ‘The chief soat 
of formation of the ferment is however the so-called liver, 
whose secretion is discharged during life into the intestine. 
Miss Aloock found that tho skin of the larva ulso seeretes the 
enzyme, the superficial Iayer of cells being the active ones 

"The statement is made both by this author and by Kraken- 
borg that: the enzyme of the liver is pepsin. ‘The evidence on 
which the statement is based is meagre, and room is left for 
doubt whothor it is not trypsin, as is the case with the so-called 
liver of many invertebrates. Levy says, however, that this 
organ in Heli pomatia secretes pepsin, and Bourquelot claims 
to have proved the presence of pepsin in the liver of various 
ce ‘in which however it is associated with trypsin. 

Krukenberg found a proteolytic enzyme in the eggs of the 
fowl, which is active in the presence of ‘1 per cent. of hydro 
chlorio acid. He states also that the mesenteric filaments of 
ah Actinozoa can digest fibrin. Hartog has stated recently 

thot pepsin exists in the spawn of the frog. He confirms 
Krukenberg as to its occurrence in hens’ eggs Dixon and 
Hartog found it in Pelomysw, wn Amorba, 

Tt is very doubtful whether a peptic ferment existe in the 
vegetable organism, most of the enzymes which have been in- 
vestigated proving to be tryptic. The most notable case which 
is still uncertain is that of the secretion of Drosera, one of the 
insectivorous plants, Darwin, who first pointed out the exist- 
enco of the enzyme, clases it strictly with the enyyme of the 
mammalian gastric juice, but as he did not examine in detail 
tha products of its action, the matter cannot be regarded as 
definitely svttled. A description of the enzyme of Drosera 
will be found in a subsequent section, 

Besides occurring in the gastric secretion, pepsin has been 
found in the blood, musoles, and urine of the higher animals 
Many physiologists consider that this is not normal popsin, and 
‘that its occurrence there indicates the way in which so much of 
tho onzymo as has been made use of is removed from the body, 
Bechamp on the other hand suggests that the popsin in he 
blood, which can be extracted from fibrin, is formed by the 
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and secreted by them into the blood-stream, This 


‘View has also been upheld by Leber, who claims for the leucocytes 
“property of softening and dissolving proteid matter in tho 


‘tissues by the secretion of an enzyme, ‘This view can however 
‘hardly be considered to be proved. 
jin exhibits a ‘in the conditions of its working 


enrymes, It can only carry out its specific decomposition 
when it ig in a state of combination with a weak acid, 
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4m tach cave, Using pig's pepsin he found it to be most active 
in the proseneo of oxalic acid of auch strength that one volume 
‘of normal alkali solution neutralised 20 volumes of the acid. 
‘Then in order came hydrochloric, nitric, phosphoric, tartaric, 
Jactic, citric, malic, paralastio, sulphuric and acotic noids With 
“human pepsin lactic acid was slightly mor effieacious than 


‘The action of pepsin is influenced by several physical condi- 
tions, of which the most important is temperature. Klug states 
that it can act at 0°C., but is then very feeble; as the tempera~ 
tury ris the activity increases to an optimam which Klug 
‘puts at from 50° to 60°C. ; it then falls off as the digestion is 
‘warmed still further, and af 80°C, it couses and the ensyme is 

Other writers have put the optimum point much 
lower, at about 38°—40°C,, the normal body tempornture. 
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ee ane aaa milly aaa by warming to 

‘There appears to be some difference ws to the optimum point 
between the popsin of warm-blooded und thut of cold-blooded. 
‘animals, Hoppe-Seyler found the pepsin of the pike digusted 
fibrin faster at 15°C. than nt 40°C. Many observers have 
found however that this is not the case with the pepsin of the 


Dilution bas n conspicuous effect. upon the notivity of pepsin 
the best results are obtained when the digestive fluid contains 
from *5 to “Ol per cent. of the enzyme, which is a fairly wide 
range, With greater or less concentration the activity lessens, 
though proteolysis will take place with only -005 per cent, 
present, ‘The pepwin of the deg is more active than that of 
the pig or the bullock, 

Various neutral salts have been found to have « markedly 
retarding effecb upon the action of the enzyme, especially 
mimonium sulphate and sodium chloride, the latter if present 
‘in greater amount than ‘5 per cont. Alkaline salts are also 
prejudicial in a very high degree, sodium carbonate in such 
small proportion as “005 per cont. causing an appreciable de- 
struction of pepsin in one to two hours at the body temporature. 
‘The destruction varies necording to the strength of the alkali 
or alkaline sult, the time during which it is allowed to act, and 
the amount of proteids present, the latter being preservative 
up to a certain amount, The protection is however fur from 
complete, Langley and Eakins found that in the presence of 
25 per cent. of peptone, sevon-cighths of the popsin in an 
extmet of cat's gastrie mucous membrane was destroyed ak” 
17°C, by 5 per cent. of sodium carbonate in 60 seconds, 
Carbonic acid gas is also deleterious, but much less #0 than 
an alkali, Peptone ia very efficacious as a protection against 
this gos 

A great. difference mny be observed between the affact of 
alkaline nnd that of neutral salts, While the former destroy: 
the enzyme entirely, the Intter only inhibit its action, If they 
are removed by dialysis or other menns, the popsin is found to 
bo atill capable of carrying: out proteolysis, 
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Loow states that an inhibitory offoct is exerted by te 
presence of 1 per cent, of quinine, 

Chittenden and Amerman ave doond that: the removal of 
the products of the action of pepsin during « digestion has Httle 
or no influence upon the course of proteolysis. 

‘The action of popsin has been chiefly studied upon fibrin 
or congulated egg-albumin. ‘The nature of the decomposition 
which it sets up in these cases has already beon discussed, 
Babcock and Russell state that when it is made to act on | 
casvin the products of the digestion consist almost entirely of | 
proteoses, vourcely trace of peptone being found, Chittenden: 
and Hartwell and later Chittenden ond Mendel have studied 
the proteolysis of tho crystalline globulin ar vitellin which can 
bo propared from the seeds of the Hemp, and which may be 
taken as a representative vegetable proteid, ‘The course of the 
action was found to be much the same as with fibrin or 
egg-albumin, xyntonin or a form of acid-albumin being formed 
at the commencement of the digestion, together with a small 
amount of an insoluble residue corresponding to antialbumid. 
Later proto- und deutero-vitelloses and peptone could be 
doteoted as in the other cases, bat only a very xmall quantity 
of hotorv-vitellose was formed. By varying the length of time 
during which the digestion wos carried on, Chittenden and 
Mendel identified two proto-vitelloses, 

Harlay has recently observed among the products of de- 
composition produced by popsin « peculiar chromogen, whish, 
when acted on by tyrosinase, an oxidising enzyme prosent 
in the juice of Rusvula delioa, gives a red colouration which 
slowly becomes green, When this chromogen is digested with 
‘trypsin it gives rise to tyrosin and tryptophane, a peouliar 
substance discovered in tryptic digestions by Noumeister, which 
torns red on treatment with chlorine water, The peptic 
shromogen ix not decomposed by pepsin. 

Besides the proteids, gastric juice by virtue of its pepsin can 
effect the decomposition of gelatin, Tiedemann and Gmolin 
wary the first to observe that this body, under the action 
of the secretion of the stomach becomes liquid, and loses 
the powor of gelatiniantion, Metzler, Schweder, Kteinger and 
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other observers have obtained the same result with « solution 
‘of pepsin, 

The process of the decomposition of gelatin has beon studied 
in dotail by Chittenden and Solley, and has been ascertained to 
be almost exactly similar to the course of proteolysis by the 
same enzyme, The chief difference between the two is the 
absonce of any neutralisation precipitate corresponding to 
acid-albumin. The bulk of the products arising during tho 
course of the digestion consists of proto-gelatoss and deuturo- 
gelatose, gelatin-peptone also being formed, but only in sruall 
amount, ‘These vatious bodies show properties very much like 
the corresponding ones produced during digestion of albumin, 

‘Dastre and Floresco have arrived at similar conclusions to 
those of Chittenden and Solley. They also found similar 
changes to those induced by popsin to follow the action of 
water at high temperatures under pressure, 

Pepsin also acts upon the so-called nucloo-albuming, or 
‘nucleo-proteids, which appenr to be compounds of 
with a substances called nuclein, the latter being the principal 
‘material found in the nuclei of cells, ‘The enzyme appears 
to attack chielly tho albumin of the compound poptones and 
albumoses being formed, togothor with a phosphorised residue 
which is probably slightly altered nuclein. Pepsin does not uct 
npon the substance of the nuclei. 

‘The action of pepsin upon the caseinogen of milk ia 

interesting from this point of view, ‘The latter has generally: 
boon considered to be a proteid, much resembling the derived 
albumins. Lubavin has found that when digested with pepsin. 
a phosphorus-containing body closely resembling if not ideateal 
with nuclein is separated out as an insoluble residuc. ‘Thin finob 
lends support to Hammarsten's view that easeinogen is mther « 
nucleo-albumin than a true proteid. 

Popsin also digesta elastin, but is apparently without action 
om mH 
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the débris he satumted the liquid with magnesio oxide, which 
caused the precipitation of the pialyn, associated with certain 
other constituents of the extract. The filtrate from this pre= 
cipitate contained the diaatase and the trypsin, and these were 
woparatod by shaking it with an alcoholic and othareal solution: 
of collodion, ‘The precipitate of the collodion carried down tho 
‘trypsin, leaving the diastase in solution. ‘The two can be 
separated in another way, by acidulating the extmet with 
phosphoric acid and then nentrolising by lime water, The 

80 caused carries down the diastase, loaving the 
inypsin dissolved, 

‘Kuhne prepared trypsin in what is generally regarded as an 
approximately pure condition by the following process. ‘Tho 
minced tiasue of a fresh pancreas was macerated in aleohol and 
ther and two extracts wero propared from it; the flest was acid, 
the acid used being salicylic acid in the proportion of 1 per 
cent, After macerstion in this liquid for 4 hours at 40°C, the 
‘extiwet wus separated from the tissue by pressure through a linen 
strainer, ‘Tho residue was next. extmeted by 1°26 por cont. solu 
tion of sodium carbonate, the digestion as before being conducted 
at the body temperature; nfter 12 hours’ maceration the liquid was 
again separated by pressure, ‘The two extracts, which contained 
the enzymes together with a good deal of proteid matter, wore 
then mixed, and sodium carbonate added to the whole till it 
contained about “5 per cent, of the salt, The mixture was then 
allowed to digest in the prosence of some antisuptio till the 
trypsin it contained had converted the proteids into peptones. 
A womewhat prolonged digestion was necessary, sometinen ox- 
tending over a week. The liquid was then allowed to stand in. 
‘the cold for 24 hours and filtered. 1t was next made faintly 
acid with acetic acid and suturated with neutral ammonium 
mulphate, As this reagent precipitates albumoses, it was very 
necesury that the proliminwy digestion should be prolonged 
till these were converted into peptones, Tn the absence of 
alburacses, the ammonium sulphate procipitated the trypsin in 
a fairly pure condition and the latter was oollected on a Blter, 
washed and dissolved in a little alleali. 

‘The mothod seams open to criticism tow corbain extenk 
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carrying out a slow digestion, Later Frederieq dissected out 
the intestine of a largo carth-worm and found in the cavity = 
slightly alkaline fluid which was capable of digesting Bbrin, 
‘This fluid was the secretion of the glandular cells which havo 
heen mentioned as covering the intestine (page 43), Grifiiths 
has found indol in the produets of a proteid digestion effected 
by the enzymo prepared from the worm, ‘The evidence thus 
points to a tryptic enzyme in the gland. 

Tn Tnseota there is also evidence of the presence of trypsin ; 
Griffiths has found the pylorie ewen of Blatta to be pancroatic 
in function. fp the stomach of both larva and imago of certain 
Lepidoptera are glandular follicles which secrete a juice come- 
sponding in proteolytic activity to that of a pancreas of the 
Vertebrata, Abelous and Heim detected trypsin in the egys of 
certain Crustacea, in which diastase was also prevent, as already 
mentioned (page 44), 

‘The so-called Liver of the Crustacea and the Mollusca mppenrs 
to be in port at all events a digestive gland of the type of 
the pancreas, Bourquelot has studied it very carefully in the 
Cephalopoda and concludes that it secrotes both popsin and 
trypsin, Frederieq who has examined it in many families says 
that in them all the fluid it secretes is capable of digesting 
starch, splitting up fitts, and dissolving fibrin with formation of 
loucin and tyrosin. The enzyme can be prepared from the 
tissue by dehydmting it with alcohol and subsequently ex= 
tracting it with glycerin, according to the methods of von 
Wittich or Krowkow which have been already described, In 
‘the Twnicuta the tubules which ramify over the wall of the 
intestine ure said to constitute « pancreatic gland, 

‘Tho distribution of trypsin in the vegetable kingdom will 
bo treated of subsequently. 

In the conditions of its action trypsin much resembles 
pepsin; it is similarly affected by temperature, and by even 
slight excess of acids or alkalis, Pancreatic trypsin is destroyed: 
by ‘1 per cent, of hydrochloric acid and totally inhibited by 
-05 por cent, of Inetic ucid, Noutral salts in excess affeot it 
much as they do pepsin. 

‘The removal of the products of the digestion as they are 
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of the higher Vertebrata possoas digestive power. Leidy has 
described the ingestion of an Amceba by a larger one of another 
species, and other observers have recorded similar cireurstances, 
‘There ia a general agreement among them that when such 
ingestion has taken plaice the absorbed matter often lies for 

@ time in a vaonolo in tho animal's substance, surrounded by 
what is apparontly a digestivo liquid. 

Miss Greenwood has described the processes of digestion in 
several of the lowliest forms. In both Amoba and <Acting- 
apharrium she has watched the ingestion of solid food particles 
and the subsequent changes which such particles undergo. 
‘Pho ingested matter is surrounded hy fluid, sometimes in nob 
inconsiderable quantity, so that it lies in a vacuole in tho 
animal's substance, If the absorbed matter is ‘tritious the 
vacuole of ingestion soon disappears; if nutritious it undergoes 
change which is not effected by direct contact with the living 
Substance, but by something passing out of the protoplasm 
into the vacuolé, which thus becomes a digestive cavity, 
and receives secretion from the living substance, This 
secretion is probably not acid, but it exerts o digestive action 
‘on the imprisoned food material, which after a time disappears 
If the ingested mniter is an Alga surrounded by a cellulose 
mombrne, the latter is not dissolved but its proteid contents 
are digested. This fact clonrly shows that in these casos the 
digestive action is exerted by a secretion which can diffuse 
through the membrane, and not by contact with the protoplasm 
itself, The fact that innutritious substances do not provoke 
this formation of a digestive vacuole points to the absorption of 
fooi-material being a stimulus actting up the secretion of a 
digestive juice 

In Actinospharium soon after the ingestion of food-material 
‘thecw is a marked appearance of grimularity in the region of 
the living eubstance surrounding the prey. ‘These granules are 
not formed round indigestible matter that mny be absorbed. 
‘Miss Groonwood states that this gmnular gathering is significant, 
of secretory activity, 

Tt in worthy of notice that various observers have indicated 
that the vocuoles round ingested matters frequently contain an 
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secretion consists of thres well-marked stages, (1) ‘The growth 
‘of tho cell at the expense of material brought to it by the 
(2) The construction of the granules frum the proto- 
plasm of the cell. (8) The extrusion of theso with a certain, 
amonnt of finid in which they are moro or less completely die 
solved. In some glinds these stages ara appurontly more or 
oss conscentive, In othors they appear to go on simul 
‘but at relativoly different rates, In such cells the clear and 
‘granular zonos cannot bo clearly recognised, though the amount 
of granularity varies from time to time, 

‘The granules do not appear to be the actual enzymes but 
to be composed of substances which are readily and rapidly 
converted into thom, If a fresh panerens, taken from the body 
immediately after death, is extmoted with water or glycerin, the 
extract is almost without action on proteids. Tf instead of 
being extracted at once it is kept warm for 24 hours, or if it 
‘is warmed for a shorter time in dilute acetic acid, and then 
extracted, the extract has well-marked proteolytic powers. ‘The 
inert extract prepared from the fresh pancreas can also be made 
active, by slightly acidulating it with acetic acid and keeping it 
for some time at 40°C. The cells contain the onzyme ia the 
condition of w zymogen, which ix readily converted into the 
actnal ferment by the acid used, The zymogen of the pancreas: 
can aleo be converted into the enzyme by passing a current of 
oxygen for about 16 ininutes through the nontral extract 
‘Phat the granules really contain this zymogen appears evident 
from the fact that the amount of enzyme which can be formed 
is ‘ional to the ty. 

‘There is little doubt that these changes are controlled: 
norvous nection as in the case of the salivary glands, but 
paths of the impulses are not so clearly understood. Stimula- 
tion of the medulla oblongata increases the secretion of the 
pancreas, but it is not dependent altogether upon nervous supply 
from the central nervous system. When all the nerves % 
to the gland are cut, the secretion is not matorially 
In some animals there is probably a reflex nervous mechaniam 
influencing it, for secretion commences immediately food is 
tuken into the stomach, 
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lessens the rate of destruction, but not very materially, even 
25 per cent. of peptone not preventing it, The pepsin of the 
frog is lows easily destroyed than that of a mammal, 

The presence of an excess of neutral salts in a solution of 
either cnzymo is deleterious, but pepsin is more readily 
affected than trypsin, ‘The action of the latter, according to 
dking, is assisted by the presence of 1—2 per cent, of sodiim 
chloride, but very greatly retarded by 8 per vent 

‘A still more marked difference between pepsin and trypsin 
lies in their relutive powers of effecting the decomposition of 
proteid, Pepsin can anly carry the hydrolysis up to the atage 
at which peptone is formed, while trypsin can split up one 
form of peptone so far that the proteid is completely de- 
composed. ‘The initial stages of the proteolysis do not diffwr 
greatly in the two cases, and the chief cause of such difference 
as there is seems to be closely related to the fact that the ane 
acts in an acid, and the other in an alkaline medium. 

‘The process of peptonisution by the aid of pepsin is a slow 
und incomplete process, the relative amount of protwoses and 
peptones found when such n digestion appronches its completion 
being roughly 65 and 80, Chittenden and Amorman believe 
that complete peptonization is not a property of gastric digos- 
tion either in the nntural or artificinl process, The action of 
pepsin ix mther a preliminary stage in proteolytic digestion, a 

tion for the more vigorous transformations brought 
‘about in the intestine under the action of trypsin. ‘This view 
is not a new one, having been advanced originally by Cland 
Bernard. It ig supported by the consideration that among the 
lower animals pepsin is of rare occurrence, the only proteolytic: 
ferment secreted by them being a tryptic one Trypsin acta 
more cnergotioally than pepsin, converting primary proteisle 
rapidly into proteoses, and theso more or ess completely into 
true peptone, ‘The only sapid transformation effected by pepsin 
is the first change into primary proteoses, the subsequent action 
being slow aud incomplete, 
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together with a certain quantity of another enzyme, rennet, 
which will be discussed in subsequent chapter. 

‘More complete examination of the proteolytic enzyme showed 
it to differ in some important respects from trypsin, with which 
its discoverers were at first inclined to identify it. The general 
course of digestion of caseinogen by its activity resembles thay 
brought about by trypsin in that it gives rise to amido-ncids 
fs well as to albumoses and peptones, Tt. diffamm howovar in 
carrying the decomposition of the proteid further, » certain 
quantity of ammonia being always found, ‘Trypsin trom 

pancreatic juice was found not to be capable of doing this, 
though it is stated by Hirschler and by Stadelmann, the 
formation of ammonia takes place during the tryptic digus- 
tion of fibrin, 

‘The enzyme has been named galactise by ite discoveram, 
Tts principal features seem to be the following — 

It is capable of hydrolising proteids, particularly caseinogen, 
earrying the decomposition to the stage of the liberation of 
aunitaonia, 

Tr also liquefies gelatin. 

Ts is active in nouteal, faintly alkaline and faintly acid 
solutions, but very slight oxcoss of avidity rapidly inhibite it. 

Tt docomposes peroxide of hydrogen with Uberation wf — 

ne 

Its optimum point is 87°—42°C.; ite activity at 52°C. is 
about equal to that it exhibits at 28°C.; ite 
is destroyed at 76°C., and its action on gelatin at 65°C. 

Tn is inhibited by mervurie chloride, formalin, phenol and 
carbon-diaulphide, but not by chloroform, ether, benzol or toluol. 
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pupils in America, who have given it the name of bromelin, 
from the Natural Order to which the pine-apple belongs. 

The juice of the fruit is exteomely abundant, mearly a litre 
Doing yielded by one of average sie. Tt is distinetly acid, 
‘the acidity being equal to that of a solution of pi: 
acid of about 45 per cont, strength, ‘The proteolytic enzyme 
associated in the juice with a rennet or Talk aeting ee ae 
just-as pepsin is in the gastric secrotion of animals, 

‘The juice contains two proteids, one of which appears to be 
& protoproteose and the other either a heteroproteove or & 
globulin, The former is associated chiefly with the bromelin, 
and coagulates when the juice is heated to 75°O, If the 
latter is neutralized before warming the congulating point is 
raised to 82°C, The second proteid is associated chiefly with 
the rennet and is only congulated whon the juice is boiled. 

Bromelin can be extracted from pine-apple juice by 
saturating the latter with crystals of either sodium chloride, 
magnesium sulphate, or ammonium sulphate. ‘The first of 
these salts gives the best result, the digestive activities of the 
three preparations having been wscertained by submitting 
10 grams of moist coagulated egg-albumin suspended in 100.00, 
of water to the action of 05 gm. of each for 6 hours at 40° 
‘The sodium chloride preparation under these conditions di- 
gested 27°6 per cont, of the proteid, the magnesium sulphate 
one 141 per cent., and the ammonium sulphate one 123 per 
cent, only, ‘The ferment loses some of ite activity during the 
process of extraction, the neutralised juice always having 
greater proteolytic powers than solutions of the different sult 
precipitates made up to the original bulk. 

The action of the enzyme shows slight variations when ib 
acts in neutral and acid solution respectively, und its course is 
‘not quite the same when acting on different proteids. As the 
sodinm chloride precipitate is the most potent, it was used by 
Chittenden and his pupils in most of their experimenta. 

When fibrin was used as the proteid to be digested the 
course of the action was shown in the following experiment :— 

of moist fibrin were warmed at 40°C, with 
2500c.. of 025 per cent, hydrochloric acid and 25 gram of 
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Ibromelin for 5 hours; it had then boon all dinsolved except m 
small flocenlent residue. ‘The filtrate from this residue when 
deposited a small amount of precipitate. After 

filtration the neutralised fluid was boiled for a short time, and 
‘heavy congulum was formed, which dissolved in dilute acids 
alkalis, A further precipitation ocenrred on adding 
to the concentrated filtrate from the heat-coagulated 

and fom the alcoholic filtrate leuoin and tyrosin 
‘out in large quantities under appropriate treatment. 

‘The original undimolved residue was found to consist of an 


of the neutralisation precipitate and that thrown down on 
oiling varied inversely, pointing thereforv to their both being 
‘tho swine proteid, which did not always behave in the mame 
‘way with regard to the reaction of the liquid, The precipitate 


Jatter by saturation of the solution with ammonium sulphate, 
‘and were foufel to consixt of a mixture of proto- hetero- and 
dentero-proteose, The peptone was almost if not entirely 
antipeptone. The course of action was thus found to be almoat 
‘identical with that of pancreatic trypsin, but there was no 

. ‘The amount of crystalline amides indicated that 
the latter bud been entirely decompouod. 

When the digestion wns carried ont in neutral solution, in 
the presence of 1 per cent. sodium chloride, the course of action 
was similar, but the heat-precipitate was in greater quantity 
‘nd consiated chiefly of dysproteose, which yielded dentero- 
proteose on further digustion. ‘The greater part of the peptone 
‘was antipeptone, but some hemipeptone appenred to be prosent 
‘ns well, The proteoses mixed with the peptone contained no 

and the Ieucin and tyrosin were in smaller 
quuntities than in the acid digestion, 
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Fibrin wos not digested vo easily in neutral as in acid 
solation af the onayme, and the prosonce of such a salt as 
sodium chloride wax almost eaential to the activity of the 
bromelin in the former case. 

When congulated ogq-albumin was substituted for fibrin 
several differences were manifested, ‘The congulated alburnin 
from 3 dozen eggs was digested with 2 litres of distilled water 
‘and ‘8 gram of bromelin for 40 hours at 40° C, under antiseptic 

‘There was then still some insoluble residue, con- 
sisting of antialbumid sith a little undigested albumin. The 
Tiquid had become slightly acid but neutralisation gave no 
precipitate, nor was there any coagulnm formed on bailing. 





very little proto- or hotero-proteose, these having probably bean 
further hydrolysed during the somewhat prolonged period of 
digestion; abundant deuterv-protoose was proscat. 

‘The action of bromelin on myosin was also examined, It 
digested this proteid best in 025 por cent. hydrochlarie acid 
solution, ‘The course of digestion showed a difference in one 
respect from what was observed in the other casa Shortly 
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‘The effect of neutral salts on the action of bromelin varied 
again with the preparation of the enzyme used, with the 
particular proteid digested, and with the reaction of the 
digesting fluid. With newtrad preparations digesting fibrin, the 
NaCl preparation was assisted by the presence of 134, of 
neutral salts, the other two by proportions ranging from 
1—5'), but larger quantities than these were prejudicial to 
the ction, Neutral silts did not affect aeid digestions unless 
‘they were present in large amounts. 

They did not facilitate neutral digestions of coagulated 
egg-albumin, 

‘The neutralised pine-apple juice works most powerfully at 
‘a temperature ranging from 50°—60" C,, and still shows con 
siderable action even when heated to 70° C, 

With the precipitated enzyme the effect of temperature 
upon the working is shown in the following table, the conditions 
of the digestion being 10 grams of coagulated egg-albumin, 
“05 gram of the precipitate, and 100 cc. of water, digested at 
the temperatures quoted for 5 hours: 


Percentage of 
‘Toanporature proteid igented 
40°. 1 
45° ©, 96 
50°. it 
50°C. ne 
G0" 0. 125 
65° ot 
70° 0. 83. 


‘The optimum point here is about the same as for the 
neutralised juice, 


Papatn, 


‘The fruit of the Papaw tree has long had traditionally the 
property of rendering meat tender when cooked with it, 
During recent years it haa been ascertained that the juice of 
‘the fruit contains a proteolytic enayme of considerable power, 
Tt was first investigated by Wurte in 1879; he discovered that 


4 





ipitate falls, collecting the latter by filtration, washing it with 
absolute alcohol, and drying it at a low temperature, The sap 
‘extricted from tho plant is nontral in reaction and contains 
‘proteid matter in solution. Wirta considered that the enzyme 
was itself a proteid, and gave ae its reactions that it is not 
on boiling, gives no precipitate with corrosive 
sublinate, gives a precipitate with nitric or hydrochloric acid, 
which is woluble in excess of the precipitant; also gives a pre- 
cipitate with acetic acid and potassic-forroeyanida.  Wurte says 
farther that in a neutral solution it dissolves animal protoids, with 
formation of peptones and leucin. At the time when he wrute, 
the differences between peptone and intermediate produota, 
particularly albumoses, were not understood, and many bodies 
of the latter class wore incorrectly considered to be poptonam 
‘A more complete oxamination of the papaw juice and of the 
it contains was made by Martin in 1883 and 1884, 
‘He found that the proteids in the neutral juice consisted of an 
albumin, a globulin, and two forms of albumose, which he 
named a- and @-phytalbumose, Comparison of these bodies 
with those tore receutly investigated pointe to the former 
being o form of proto-proteoss and the latter related to the 
hetero-proteoses, As we have sen, comparutively Httle was 
known of the character and bebaviour of the proteoses, or 
albumoses until they recaived earefal study in the laborntory 
of Profwssor Chittenden, of Yale University, A comparison 
‘of Martin's two bodies with the several classes of proteoses 
described by Chittenden leaves little doubt that they may 
be considered forms of proto-proteose and hetero-proteose r= 
spectively. Martin found that the papaw juice contains two 
enzymes, one capable of curdling milk (rennet), and the other 
the proteolytic one, now known as papain. The latter is 
associated closely with the a-phytalbumors, or proto-proteose, 
Martin agrees with Wurtz that the action of papain takes 
‘place but in a neutral medium like that of the fresh juice. 
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When fairly puro it in easily destroyed by hydrochloric acid of 
greater concentration than °05°), bat in a faintly alkaline 
medinin, sich as a 25 per cent. solution of sodium carbonate, 
it is almost if not quite us notive ay ina noutral ume A 
higher percentage of alkali destroys it. 

Martin his stated that the optimum temperature for papain 
digestion is 35°—40" vA thongh it is active at lower tem- 
peratures, such as 15°C, 

When fibrin is subjected to the action of papain in neutod 
solution it is affected as it is by pancrontic trypsin, being 
corroded nuther than dissolved, aud converted into a pultacsous 
‘mass; a good deal of turbidity accompanying the action, ‘The 
products of the digestion Martin dotermined to be a globuline 
like body, apparently intermediate between « true globulin and 
alkali-albumin, some peptone, and leucin and tyrosin, the leucin 
being in the greater proportion of the two, 

Martin also examined with considerable minutenoes the action 
‘of papain on the proteids of the papaw juice. When digested 
with the globulin or the albumin a «mall quantity of an insoluble 
residue was left, which was probably a form of notialbumid, 
such as Chittonden obtained with bromelin, Ab the end of the 
digestion the most prominent. body found in solution was the 
hetoro-proteose which Martin called @-phytalbumose, while 
traces of peptone and both leucin and tyrosin were also present, 

Digestion of the a-phytalbumose or proto-proteose yielded 
a little antialbumid, a quantity of » doutero-proteose, no 
peptone, and a certain umount of both leucin and tyrosin. ‘The 
A-phytalbumove showed the same decomposition, 

Tt scems probable from Martin's experiments that the course 
of proteolysis in the papaw is the same as that brought about 
by bromelin, ‘The juice as it is extracted from the plant 
contains the two albumoses or proteoses, but it seems quite 
likely that these are formed by the action of the enzyme before 
the juico is extracted and aro not the primary proteids of the 
plant. Both yield the deutoro-ulbumose when subjected to 
‘the action of the separated papain, 

‘The native albumin and globulin are both capable of giving 
rise to the hetero-proteose in the course of laboratory experi 
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tion of both myosin and egg-albumin, and separated them from. 
the other proteids by saturation of the liquid with ammonium. 
sulphate according to the method adopted by Chittenden, 

Rideal also claims to have shown the existence of peptone 

papain digestions by determining the rate of dialysis of the 
aber through a parchment membrane, When experi 
with ogg-albumin he placed the whole product of the digestion 
in 9 dialyser and found evidence of proteid in the water outside 
it in 10 minutes, Though the proteoses are capable of dialysing 
through a parchment membrane the rate of their diffusion is 
very slow compared with that of peptone. Rideal coneludes 
that the mpidity of the pussage points unmistakenbly to the 
presence of peptone as well as protecse. He confirmed this 
result by the method of saturating the liquid with ammonia 
sulphate, 

Recent work carried out in Ohittenden’s laboratory fully 
confirms the statement of previous writers that true peptone is 
produced by papain, Neumeister makes the same assertion, 

Rideal calls attention to the fact thet papain is most 
active when working in w relatively small amount of fluid. 
Dilution of the digestive solution exercises a very marked 
retarding influence on the progress of the hydrolysis, He says 
the most advantageous quantity of liquid to use is from 1g 
‘to 3 times the weight of the proteid submitted to the action of 
the 

He finds the optimum temperature for the working of 
papain to be 40°C, 

Hurlay has stated recently that the digestive action of 
papain points to its being intermediate between pepsin and. 
trypsin. Tt forms much proteoso but very little tyrosin, In 
papain digestions he observed the occurrence of the same 
chromogen as he found produced by pepsin, the body, that is, 
which with tyrosinase gives a red colouration slowly turning 
groen, Papain bas a slight action on this body, producing from 
ita small quantity of tyvosin, According to Harlay papain is 
not destroyed by heating unless the temperature of its solution 
iis raised to 80°C, 
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Other Vegetable Trypsins. 
Tho ocourronce of proteolytic enzymes in those seeds whose 


in them. The search for them was first undertaken by von 
Gorup-Besanez in 1874. He detected such an enzyme in the 
seeds of the Vetch, and subsequently in thow of Hemp, Flax, 
‘and Barley. He describes it as having powor to convert fibrin 
into peptone, but apparently he did not investigate its action 
upon the proteids with which it is asiocinted in the seeds, 
pointing out its existence his work does not give us 
very much information about it. Krauch writing in 1878 
opposed the views of von Gorup-Besinez and denied the 
existenes of such on enzyme. Von Gorup-Besanez snys that 
the body he prepared from the vetch seed dissolved the fibrin, 
and that the solution when filtered gave a good biuret reaction, 
which he attributed to peptone. Krauch insisted that the 
Diuret reaction was due to something presont in the extract of 
the seeds and was readily yielded by tho latter alone. He 
attributed the diminution of the fibrin to shrinkage of its 
substance and not to solution, Krauch’s work however appears 
‘untrustworthy, for von Gorup-Besanez says the diminution of the 
fibrin went on to the point of disappearance, and this Krauch 
docs not explain, Neithor does he show that there wns no 
further formation of a body giving the biuret reaction, though 
. the extract itself may have shown the same, Krauch's 
own control experiments were somowhat scanty, Von Gorup- 
Besunez did not determine that the decomposition of the 
fibrin was carried beyond the stage of peptone, but he points 
out that under certain conditions large quantities of amido- 
‘cit, such as loucin and asparagin, could be detected in the 
shoots of very young vetch plants. 

‘A series of investigations was carried out by the writer in 
1886 upon the seed of a species of Lupin (Lupinus hireutus), 
‘The experiments were made with germinating seeds, gormina- 
tion being allowed to proceed for fiir days, when the radicles 
were nearly 3 inches long, The cotyledons wore separated, 
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‘ground in a mill, and extructed with glycorin, ‘The extmet was 
‘strained and dinlysed till free from erystalline amido-acids. Th 
contained such of the proteids of the germinating seeds as were 
soluble in neutral thuids, 

‘This extract wns found capable of digesting fibrin in 
a faintly acid solution, The fibrin used was boiled in water 
and subsequently in “2 per cent, hydrochloric acid solution, 
in which it ewolled up and ocame trmnsparent, Contre) 
experiments, in which the fibrin was suspended in dilute acid 
of the same degree of eoncuntration as was used with the 
extract, showed that no change took place during the digestion 
unless the latter was present, In the acid extract of the seeds 
the fibrin became corroded, causing the liquid to become very 
turbid, It was then gradually dissolved, with the exception of 
o small amount of granular residue, Further control experi- 
ments were conducted in which the extrach was boiled, 

‘The digestions were generally carried out in parchment 
dialysing tubes and the liquid ontside them was frequently 
changed. ‘This liquid contained the same percentage of acid as 
‘hat inside the tube. After a short time the dialysates showed 
the presence of a peptone, or at any rate of a body giving the 
biuret reaction, and appropriate treatment separated from then. 
crystals of leucin ane tyrosin, the latter in small amount only: 
When the digestion had proceeded for some time the liquid 
inside the dialyser contained a proteid which was precipitated 
upon neutralisation, and was soluble to acids and alkalis; 
wconsidoruble amount of proteases, chiefly hetero<protense, waa 
also prosent. ‘The course of digestion this appeared to be the 
same as that brought about by papain, 

‘The boiled controls showed the fibrin intact at the end of 
the experiment, 

‘The action of the enzyme was further tested upon the 
proteids of the resting seed. ‘These were three, a globulin, 
and two alburnoses or proteosex, apparently proto and hetero 
protose, The action of the glycerin extract on these wna to 
transform thom into what appoared to be poptono, and to eanse 
‘the appearance of amido-acids, chiefly asparagin, but » certain 
amount of Jeucin as well, 
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‘The writer subsequently detected the existence of this 
vegetable trypsin in the germinating veed of the Castor-oil 
plant (Rioinus communis). 

‘The presence of this enzyme in the Lupin seed has recently 
heen observed by Butkewitach. 
ister has shown that a similar onzyme is not un- 
common in seedlings. He hns extracted it from those of the 
Barley, Poppy, Wheat, Maize and Rape. It does not occur in 
the early stages of yermination but is developed as the plantlet 
grows, and is plentiful when it has attained a length of from 
15 to 20 centimetres. He prepared it by a somewhat novel 
method. Having obtained an extract of the accdlings he 
soaked moist fibrin in it, ‘his proteid appears to have the 
property of absorbing the ferment from the solution, Fibrin so 
impregnated with the enzymo, was removed and placed in wid 
cr alkaline liquids and the results observed, control experiments 
being carried out in which fibrin that had not been in contact 
with the extract was placed in similar fluids. Neumeister says 
that the enzyme ia active only in acid Liquids, and that the 
acid must be organic, oxalic being the best. Mineral acids 
such as hydrochloric destroy it, 

Fembuch and Hubert havo shown that n similar enzyme 
exists in malt and can be precipitated by aleobol with the other 
enaymes which have already been desoribed. It shows a similar 
behaviour to that of diastase in the presence of phosphates, 
Lasaeynski states that kiln-dried malt contains the enzyme but 
that it ig absent from barley seodlings. He could not detect ite 
action upon fibrin till it had boon digested with it for six hours 
at 40°C. 

Few observations have boon mado on the digestion of 
proteids in the living plant, Schulze has stated that during 
germination a mixture of nitrogenous compounds results froma 
the decomposition of the proteids, among which aromatic and 
fatty auido-acids and arginia are probably invariably present, 

‘Tho course of proteolysis in the cercals has not been fully 
investigated at prosent, but it appoars to present some diffor= 
ences from that alroady described, Osborne and Campbell have 
examained the proteids of barley and of malt with a viow to 
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secing what changes can be tried dori ition of 

‘the latter, Sa cde ay aa cont, of proteid 
ner fh 6 gh latin ih small 

ee es coli ae per cent; an album, 

Aeucosin, is present to the extent of "3 pee cont.; and a peculiar 
proteid, hordein, amounts to 4 per cent, The latter 
‘soluble 


site tent 
Rewiou at uted alpine beng cae in 76 por 
cent. aleohol, while it ix insoluble in water, The remainder of 
tho barley protelds, about 4°5 per cent,, is insoluble in cither 

water, potash, or alcohol, On examining malt, hordein was found 


proteoses were present, amounting together to about 1:3 par 
‘cent. of the total. A grout doal of the insoluble proteid’ also wax 
‘present, though neatly 1 per cent. less than the corresponding. 
body in the barley, ‘The total amount of proteid matter in 
malt was a little lesa thon 8 per cent., eo thot during germi- 

Tedien about 3 per can, ce hearty CoG af tka salor wl 

Aisappeored. ‘The authors conclude that the proteids change 
extensively during germination bafore acquiring the properties 
of proteases. The proteids replacing hordein and edestin are 
Ficher in carbon and poorer in nitrogen, ‘The authors did not 
discover any enzyme capable of effecting these changes, 

Te was mentioned above that the proteolytic power of 
pine-apple juice was first cbeurved by Marcano, Some years 
earlier ho found that the expressed sap of tho leaves of certain 
species of Agave was capable of digesting meat, if the latter 
‘was soaked in it and exposed to a temperature of 35°—40" C. 
‘The digestion was somewhat slow, but after it had continued for 
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Tn 1880 Bouchut carried ont some researches upon the juiee 
‘of the common fig-tres (Ficus Carica), and found it to contain 
@ powerfil enzyme capable of dissolving proteid substances. 
‘Hansen investiguted the sune plant in 1883 and 1884 wnd 
confirmed Bouchut's results, He described the ongymu ax 
working most advantageously in an acid medium, but as not 
being without protoolytic power in an alkaline liquid. ‘The 
enzyme was the subject of a more extended research in 1890 
by Mussi. He took the juice expressed from the branches, 
leaves, und feuit of the fig-tro, and after filtation to nnove 
the débris accompanying the liquid ho precipitated eortain of 
its constituents by the addition of absolute alcohol. ‘Che 
resulting precipitate was insoluble in water but dissolved easily 
on the addition of w trace of acid or alkali. When either solution 
wax pliced in contact with moist fibrin it dissolved it reudily, 
‘Mussi gavo the name Cradina to the onzyme, It is innetive in 
nontral fluids. Mussi gives several reactions for it, but as by: 
the method of preparation used it must have been vory impure 
thes» havo no particular importance. 

Another Indian frmit, the Kachree gourd (Cucumis utilise 
imus), was examined by the writer in 1802 with « similar 
result, ‘The fruit is in appenraneo much Like a euall vegotables 
marrow, about 6 inches in length, It is yellow in colour, and 
when cut has an aroma similar to that of the melon. Ite 
in extromely succulent and the expressed juice is faintly acid in 
rowetion. Both the juice and the pulp of the pericarp contin 
fan enzyme which is associated with a globulinlike proteid, 
‘The ferment is most completely extracted from the pulp by « 
dilute salt solution, containing 8 por cent, of sodinm chloride, 
‘Such an extmet ucts slowly on coagulated egg-albumin, yielding 
proteoses, peptone, and leucin, Tt is most effective in a fixintly 
alkaline medium, less so in a neutral one, and acts still more 
ait in the presence of acid. 

ferment was described in 1892 by Daccomo 
ae ‘Tommasi ww obtainable from Anagaltix arvensis, Tb can be 
yropared us a white amorphous substance, cusily soluble in 
water, The authors way that if the fresh plant is reduced to: 
powder and kept in contact with fresh meat or moist fibrin for 
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as Ne Nb ling ese epacl a el 

‘a crude form and spoke of it as 

SEs pike inal rne pela prepress 
fibrin. He found it to be capable of dissolving fibrin with the 
forination of a soluble body giving the reactions of peptone so 
far ns they were then known. He ascertained that for the 
formation of the enzyme it was necessary that the pitchers 
should be stimulated by the absorption of some. digested 
matler, mich as is the caso with the gastric glands of a 
mammal. Such stimulation was followed by the secretion of 
an acid liquid which had well-marked proteolytic powers, 
‘The latter were only manifested while the reaction remained 
acid and were considerably greater at a temperature of 40° 0. 
than at 20°C, ‘These results of yon Gorup-Bosanez were 
confirmed by other observers; Vines in 1877 showed that the 
pitchers yield a proteolytic extract when pounded up and 
tnixed with glycerin, Such an extract is nob quite so active 
‘us the actunl secretion of the glands as it is poured into the 
pitcher, If an unstimulated pitchor is extracted with i 
the resulting preparation is inactive, but it develops proteolytic 
powers if warmed for a time with a dilute acid, ‘The pitcher 
wall therefore contains a zymogen, just ns do the gastric and 






Bocontly fa certain controversy has arisen as to these 
proteolytic powers, Dubois and ‘Tischutkin separately asserting 
that they have entirely failed to obtain digestion of animal 
matter by the aid of liquid in the pitchers when the experi 
tnents have been carried out under precautions, 
They attribute the digestion observed by von Gorap-Besanes, 
‘Vines and others to tha agency of bacteria. On the other hand 
Gocbol maintains that he found the liquid from a pitcher, when 
made acid with hydrochloric acid, capable of readily digesting 
fibrin, and that when a gelatin film was inoculated with some 
BES mead Be no mei spain of tay Hint mac 

upon 

Fifer fitints $0_<efUlk she etsaopeacy, berpsct ae 
statements; possibly the ago of the pitcher, the condition of 
the plant, or some other condition may affect the formation 
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12 months, and at the expiration of that time the liquid it 
contained was perfectly limpid and clear, showing not a trace of 
Ducterial contamination. Had the digestion been due to micro- 
organisms it would have become turbid and shown evidence of 
considerable growth in a few days, as the amount of proteid in 
it was fairly lange, 

Clautriau ha» observed the digestion of proteid matter in 
the liquid of the pitcher while the latter remained attached to 
theplant. He denies that bastorin wore present, for ho found the 
Yiquid to romain limpid and to possess no odour of putrefietion, 

Tt has been noticed in connection with many of the enzymes 
we have discussed that they exist in the various juicas in 
association with some form of proteid, So close is the con- 
nection that many observers have hold the view that the 
‘enzyme and the proteid ure identical. Tt is interesting to note 
in the cose of Nepenthes that Vines says many vary active 
liquids taken from pitehers contained hardly a trace of proteid 
matter; they gave only a very faint. xanthoprotele raction, no 
precipitate with nitric acid, or with acotio acid and potaasic 
ferroeyanide, and no turbidity when boiled. 

The course of proteolysis under the influence of the 
Nepenthes enzyme appears to be similar to that effected by 
bromelin and the other trypsins deseribed. ‘There is always 
a little insoluble residue of the nature of an antialbumid, a 
neutralisation precipitate which is probubly hetero-albumose, a 
quantity of deutero-albumoso, not: precipitated hy nitrie acid, a 
variable but slight amount of peptone, and some leucin, Some 
observers question the existence of the peptone, but the balance 
of evidence is in favour of its presence, 

Clautrinu did not find any amido-acids and he consequently 
held the enzyme to be « form of pepsin. 

Besides the pitcher-plants, there are others which capture 
and digest small insects, The chief of these are Drosera, 
Dionaw, wd Pinguioula, Our knowlodga of the nature of the 
enzymes which these form is vory such less complete than 
that which we possoss in tho ease of Nepenthes, being chiefly 
confined to observations on the fate of small pieces of nitro- 
genous matter placed upon the leaves and subjected there to 
the action of the secretion which exuded from the latter. 
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Darwin investigated the behaviour of the leaves of Drosera 
in great detail, ‘These structures are provided with long-stalked 
glands which when stimulated pour out upon the surface of the 
leaf a peculiar viscid secretion having an acid reuction. When 
‘an insect, or @ small piece of nitrogenous raatter, is placed upon 
the loaf, tho glands or tentacles bend over slowly and encloso it, 
ab the same timo ponring out the viscid fluid. The surface and 
the margins of the leaves are alike provided with the tentacles, 
‘but the secretion of the central ones is more acid than that of 
those at the periphery. ‘The imprisoned matter, living or dead, 
is slowly dissolved by the secretion, and the resulting producte 
are absorbed by the leaf-surface, Darwin found that the 
secretion could dissolve not only proteid matters, but also 
connective tissue, curtilage, and gelatin, while it bad no action 
‘on mucin, ‘The secretion of the enzyme like that af the animal 
glands is dopendent upon tho absorption of nitrogenous matter 
by the leaf, and the acid is only developed under the same 
condition. If the leaf is stimulated by putting upon it a piece 
of indigestible matter, less secretion taloes place and the liquid 
poured out has no proteolytic powers. 

Darwin dixcovered that the sume enzyme existe also in the 
leaves of Dionwa. Those differ in the urrangemont of their 
glands from these of Drosera; the leaves have their upper 
‘surfaces covered with small, almost scssilo, socreting glands of a 
purplish colour, Like the leaves of Drosera those of Dionia do 
not secrete any enzyme until they are excited by the absorption 
of nitrogenous matter. ‘Then they pour out a fluid which is 
colourless and slightly mueilaginows. Ib is more acid than 
that of Drosera and like the latter dissolves coagulated egg- 
albumin, Pinguicula also socretes a similar digestive fluid on 
the edges of the upper surface of the leaf, whielr folds over to 
enclose its captives. 

No examination bas been male at prosent of the products 
of digestion by these enzymes, It is consequently uncertain 
whether they are peptic or tryptic, From analogy with the 
pitehor-planta it seems probable that they belong to the latter 
ia ath ie ins sed Sth pbs bu UR ace 

Similar considerations affect certain enzymes which have 
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boon found to be secreted by several of the Fungi. One of the 
earliest known of these is the ferment which Krukenberg 
found to be procurable from the plasmodium of ithadium, one 
of the Myxomycetes, A glycorin extrnet of the plasmodium 
was found to have very marked proteolytic powers in the 
presonce of lactic or hydrochloric acid, Krukenberg’s statement 
‘has been confirmed by Miss Greenwood, who has stated that 
the plasmodium of another member of the same group yielded. 
to 4 per cent. hydrochloric ucid un extract which showed 
marked solvent action on fibrin, 

Bourquelot states that an extract of the mycelium of 
Aspergillus niger bas the property of dissolving both fibrin 
and coagulated egg-albumin when digested with them for 
2 honrs at 40°C, ‘There is an unmistakeable formation of 
peptone during the digestion, which takes place best in a 
neutral medium, ‘The extract of Aspergillus has also the power 
of liquefying gelatin. Mulfitano has found that the secretion 
of the enzyme is constant during the life of the fungus, but is 
chiefly associated with the death of the cells which form it. 

Bourquelot has also obtained a fecbly proteolytic enzyme 
from Polyporus eufureus, and Zopf and Bourquelot and Hérisacy 
state that ferments of this kind exist in several other fungi. 
Bourquelot’s results have been confirmed by Hjort. 

Desconding still lower in the seale wa find evidence of the 
probable existence of proteolytic enzymes in Yaost. If thin 
organism is kept in a medium which supplies it with no 
nourishment, such for instance as a liquid containing no sugar, 
and if it is at the samo time deprived of oxygen, a process of 
true digestion of its own protcid reserve-matorial takes place, 
Tf yenst: is proceed till it is dey, and the exnding liquor collected, 
it will be fonnd to contain a great deal of proteid material, 
which forms a bulky coagulum when the fluid is heated to 
45°C, After standing « fow days under antiseptic precautions, 
this form of proteid will have disappeared, #0 that the liquid 
gives but w slight coagulum even on boiling, ‘These facts paint 
to the presence of a proteolytic enayme in the yenst cells, 
Huhn hos recently prepared it by the following method. He 
pressed yeast till it was dry and then carefully ground it up 
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of forming albumoses from fibrin. Severnl toxic bodies of 
‘this class have been traced to similar agency, an extract 
prepared ftom the organisms being copable of effecting the 
proteolysis in the absonce of the cells. The ordinary putrs- 
factive Inoteria may exerete or yield an enzyme nowembling 
izypsin in its action on proteids. Sirotinin has shown that 
culture fluids in which certain microbes have bean growing 
have been able to liquefy gelatin after they have been filtered 
through porcelain, ‘The conditions of life of those bacteria 
frequently influence. the secretion of the enzyme, Lauder 
Brunton and MacFadyen found that a particular microbe 
sccroted w proteolytic enzyme when it was cultivated in moat 
roth, but not otherwise, Indeed the secretion showed a very 
definite relationship to the culture medium, having dinstasic 
powers when the latter consisted of starch-paste. The two 
enzymes were quite distinct, the proteolytic one being most 
ewily extracted when present, Acids favoured and alkalis 
impeded its activity. 

‘The relative amounts of trypsin and diastase in the panory- 
atic juice have also been shown to be largely inflnencad by 
diet. Vassilief established this fact in the case of dogs. 

Among the microbes which secrete proteolytic enzymes may 
be named four which are well known, Theso are Koch's 
cholera bacillue, Dencke's cheese-bacillus, Finkler’s cholera- 
nostras-bacitlus, and Miller's bacillus The enzymes have been 
wxtracted by Wood from enliure fluids in which the microbes 
hod grown, and which bad subsequently beon sterilised by 
‘antisepties. Wood found that the enzyines from the different 
bacilli varied a good deal in their power of resisting the 
influence of acid media, those from Koch's bacillus being: 
destroyed by very little acidity, while those from Finkler’s and 
Miller’s bacilli could net in distinctly acid solutions Wood 
noticed that the bucilli themselves showed a varying sus: 
ceptibility to acids exactly corresponding to that of the 
enzymes. Vignal discovered that 2. maventerious vulgatus 
foctotes a peptonising ferment, in addition to those already 


Babcock and Russell have shown that Bucillue subtilie and 
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‘solved by these enzymes as well at golatin, though with a litle 
greater difficulty. Egg-albumin and coagulated serumalbumin 
are still more resistant, so that the enzymes hardly correspond 
to cither pepsin or trypsin. Indeed Fermi gives reasons for 
supposing that several enzymes exist in these planis, pointing 
out that they are destroyed at differont temperatures. Thus 
the enzyme of Micrococous prodigiows is unable to work ab 
a tomperuture of 55° C., while thos of Bacillus pyocyaneus, 
B, anthracis and Vibrio Finkler-Prior are not rendered inactive 
till heated to 60°C, 65°C. and 70°C. respectively, Those 
‘enzymes resemble trypsin in working mont ody in 
faintly alkaline solutions, though they will attack a solution of 
a of hydrochloric acid. 

Another protoolytic cnzyme has bean described by Duclaux 
which is wsociated with the digestion of cascin or tyrein both 
in milk, and in choose during the operation of ripening, He 
gave it the name of oasease, Tt is evcreted by several species 
of bactoria belonging to the genus 7'yrothie, which alao contain 
a rennet ferment such ns will be described in a subsequent 


‘This proteolytic enzyme ean be precipitated from a culture 
of any of these species by the addition of w large excess of 
alcohol. It acta not only on the clotted proteid prdneed by the 
rennet, but on the unchanged casein of the milk, and its action 


aI tare the hepato-pancreatic secretion of Sepia, 
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which haa the sume effet on milk, Cusease is a tryptic ferment, 
Joueln and tyrosin being formed among the products of its 
activity, When it is working in the cheose it produces also 
the amido-bodies already mentioned which occur together with 
othor products that are tmceable to the metabolic activity 
‘of the micro-organisms, Weigmann states that casease can 
be prepared from bacterial cultures, and that when added to 
fresh cheese it accelerates its ripening just as do the organiams 
‘themselves. 

On a reviow of all these vegetable proteolytic enzymes it 
will be sean that our knowledge is not at present sufficiently 
dofinite for us to say whether wo have to do with one or many. 
‘Some of them may be peptic only, though it seems probable 
that they are ull tryptic, ‘Those which have been at all ex- 
Twustively examined undoubtedly carry the proteolysis to the 

of orystalline amido-acids, some of those secreted by bao- 
teria even berating a little ammonia. We do not yet know 
again whether there is one enzyme only, varying somewhat in its 
features according to the conditions of its secretion, or whether 
the difforont plants disaussed yield different varioties of trypsin, 
Bromelin and papain certainly show very little difference in 
thoir behaviour, and one ix tempted to pronounes thom iden- 
tical. For the present however it is perhaps advisable to leave 
this question undecided, 

Whe identity of the trypsins of animal and vegetable origin 
is not established. From « consideration of the composition of 
the proteoses and peptone formed during their respective action 
Chittenden hus concluded them to be different bodies. Speaking 
of bromelin he says," Wo aro impressed with the exceptionally 
Jow percentage of nitrogen in the deutero-ulbumose and pep- 
tone, In fact this is so contrary to onr general experience! 
with digestion products formed by animal fermenta that we are 
forced to oonsider it as something peculiar to the vegetable 
ferment. As is well known, secondary proteoses and peptone 
formed by the action of pepsin and trypsin usually show a much 
lower content of carbon than the proteid undergoing digestion, 
as in the bromelin products, but the percentage of nitrogen is 
ordinarily increased in proportion to the decrease of carbon... 
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The vegetable ferment bromelin is peculiar in giving rise to 
secondary proteoses and peptones with a much lower percentage 
of nitrogen than is contained in the mother proteid, thus im- 
plying o cleavage of a nitrogen-containing radical as part. of 
the proteolysis. This, if true, would constitute a good ground 
of distinction between the animal and vegetable proteolytic 
ferments.” 
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CHAPTER XIV. 
VAT-SPLIITING ENZYMIGS, LIPASE, (PALYN, STHAPSIN,) 


‘Tux transfonnations which attend the digestion of fat in 
‘the mammalian alimentary canal are twofold, A variable 
quantity of the fat of a meal—eonsidered by some physiologist 
the greater part—appears suspended in the liquid contents of 
the intestine in the form of very fine globules which show no 
vendency to run together, Such a condition constitutes what 
is known as an emudsion. It is apparently a purcly physical 
condition, and the unaltered fat can be separated from the 
liquid by shoking the latter with ether, This is the condition 
in which the fit remains permanently in milk, But beside 
this physical change chemical alteration also occurs, the 
molecule of the fat being hydrolysed, with the result that it i 
decomposed into fatty acid and glycerin, How much of the 
fat undergoes hydrolysis ia ut present chiofly a matter of 
speculation, many observers thinking that only a small per= 
centage is so changed and that the greater amount is only 
emulsified and absorbed by the intestinal epithelinm otherwise 
unaltered. ‘The two processes occur together in the duodenum 
and there ix little doubt that the emulsification is largely 
helped by the coincident hydrolysix A small amount of soap, 
which is formed when free fatty acid combines with an alkali, 
materially accelerates the process of emulsion. If a neutrat 
fat is shaken with a dilute alkali no emulsion oconrs, but if 
‘the fat is rancid, that iv if a little fatty acid ix prosent, an 
¢mulsion ix very reudily produced. 

Claud Bernard was the first physiologist to point out that 
in the digestion of fat the pancreatic socration playx a monb 
important part. He called attention 1 the fact that both the 
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Haariot, who has detected its ocourrence in the blood of 
several vertebrates, has tested its action on monobutyrin. He 
says this body is readily eaponified by blood serum in neutral or 
slightly alkaline solution, but a cautious addition of alkali is 
necessary as the action proceeds, for it is inhibited by the free 
fntty acid producod as soon as the latter reaches a certain per- 
contage. The serum loses its power of hydrolysing monobutyrin 
if it is heated to 90°C. 

‘Cobnstein and Michnelis have also observed that the blood has 
‘the power of causing the disappearance of the fat of the chyle, 
which they attribute tou lipolytic substance in the red corpuscles, 

‘The power of hydrolysing fats is found also among the 
invertebrate, Frederieq extracted from sponges a substance 
which formed an emulsion with neutral fats and finally de- 
composed them into fatty acids and glycerin, ‘The same body 
is present in Uraster, one of the Echinodermata; also in the 
so-called liver of the spider, and of the edible snail, the latter 
only containing it in summer, The “liver” of several of the 
Crostavea, yields an extract which appears to have a similar 
action, as it renders milk transparent, The oo ing organ 
in certain of the Cephalopoda has the same action, and it. hax 
‘doen shown to hydrolyse uoutral fats, Lipase has been prepared 
from the “liver” of Sepia. Biedermann has found o lipase in the 
secretion of the intestine of the larva of Tenebria molitor, the 
Mealworm. ‘The eggs of sovernl of the Crustacoa have also 
‘been shown by Abelous and Heim to contain this as well as 
other enzymes 

Phe presence of lipase in a solution, secretion, or extruct 
ean be tested by preparing an emulsion of a nentral oil, with 
the wid of a iutle powdered gui arabic and a very Little water. 
‘The emulsion should then be mixed with the extract and the 
whole neutralised with care, as the gum has sometimes an 
aid reaction. The whole may then ba digested at 40°C, 
together with a minuto quantity of neutral solution of Mtmus 
Tf tho enzyme is present the fatty acid it berates from the oil 
causes the liquid to turn pink or red as it affects the litmus, 
‘The rapidity of the change of colour gives some idea of the 
amount of lipuse present, 
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emulsion resulted. Aftor a few minutos’ interval he repented 
tho operation and continued to experiment in the same manner 
for some time. By taking # series of such observations, with 
definite intervals of a few minutes after each, he was able to 
see that the power of forming sn emulsion was 
developed in the oil. It follows necessarily that lipase was 
present in the pancreatic juice and that it gradually do- 
composed part of the neutral ail used in the experiment, 
Rachford says that the alkalinity of the juice employed was 
‘nob sufficient to absorb the free fatty acid liberated, so that the 
mixture did not form an emulsion in the test-tiba, 

‘The lipase of the pancrens does not appear to be inhibited 
by tho froe fatty acid as Hauriot says is tho cave with the 
enayme in blood. Tt will decompose most of the neutral 
fats, but its action on custor-oil is comparatively fwble, Tt 
hydrolyse not only the fats which nro fluid at the temperntury 
of the body, but also solid ones, such as spermaceti, though 
its action on these is very slow. 

Tn the process of the digestion of fats in the intostine the 
action of lipase is complicated by the free acid which the 
chyme contains as ip leaves the stomach and by the bile which 
is poured into the duodenum coincidently with the pancreatic 
juice. Rachford found that tho effect of the addition of an 
equal volume of bile to the extracted juice and the ofl in & 
test-tube is to increase the action of the lipase in the proportion 
of three and one-fifth to one. If 25 per cont, solution of 
hydrochloric acid is substituted for the bile the action ix 
materially rotarded. If however both are added simultaneously 
the hydrolysis of the oil is increased in the proportion of four 
to one, The influence of the bile is chiolly associated with the 
glycocholate of sodium which it contains, Rachford found the 
etion of lipase was considerably impeded by exocas of alkali, 

‘The extent to which lipase takes part in the process of the 
digestion of fat appears now to be more considerable than was 
formerly supposed, Tt has been held by many observers that 
fat is absorbed by the intestinal epithelium in the form of an 
emulsion, and that the work of lipase is completed when enough 
fat tas beou decomposed to form tho quantity of suap require 
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to sat up such an omalsion, Recent invostigutions have lod 

many physiologists to question the accuracy of this view and 
tolbold Shai-eso feo. of the gre. tlie bhi aonb 
hydrolysed, and absorbed either us free fhtty acid or as soap, 
‘The cmulaion may then be regarded as helping the further 
hydrolysis and Tt. is however outside tho 
scope of tho prowent work w enter upon a discussion of this 


‘The activity of lipase like that of other onzymoa ix remarkably 
Influenced by temperature. ‘The optimum point for its working 
is not that of the body, us would be expected, but 05°C, It 
has not so wide a range as some fermenta, being vary. 
slowed by increasing the temperature to 60° O,, caegeceaet 
be active at 72°. When tho conditions are #0 arranged that 
‘the action is rapid, the amount of change is proportional to the 
amount of lipase present. 

Hanriot has published the results of experiments made 
es iene ie i eo 
from different soureos, ‘The most interesting compurivon is that 
Between the cnayme of the serum and that of the pancreatic 
Juice of tho dog. In his researches he prepared solutions 


When his solutions were neutralised and left to work for 
20 minutes the quantity of fatty acid liberated by the serum 
‘was nearly twice as much as that sot fro by tha pancroatic 
solution, Hocheharsein pteridine enc 
energetic than pancreatic in the presence of the products of the 
action, Solutions of the two lipases that showed equal hydro- 
lytic power ab 15°C. were examined at difforent tomperatures, 
Sornm lipase liberated one and a half times ax much fatty 
seid at 30°C: and twice as much a! 42°C. Panorentic Fipase 
showed no change of activity through that range of tempernture. 
Scrum lipase retained its activity for soveral months under 
antiseptic precautions, while the pancreatic euzyme was inert 
after a few days 

Hlanriot says that the lipase prepared from the werum of 

on 6 
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the horse is materially assisted by weak alkali, In one onse 
he found that the presence of “2 per cent. of sodinm carbonate 
increased the production of fatty ncids fourfold, 

Lipase exists in the vegetable as well as in the animal 
kingdom. ‘The very frequent occurrence of oils in seeds suggests 
‘that « good deal of carbonaceous matter is stored in this form 
for the nutrition of the young embryo. It is noteworthy that 
cil and starch seldom occur together in seeds The trans- 
formations of the oily reserves in many endosperms during 
germination are however very quickly followed by the appear- 
‘ance of starch in the young plant, to which the products of the 
germinative changes have made their way. ‘The view that 
this indicated an actual transfurmation of oil into starch 
wus advanced by many observers, based of course upon the 
elementary faets of the disappearance of the oil and the 
formation of the starch, ‘This view was held by Sachs in 1859 
and by other writers who followed him. More accurate views 
were introduced in 1871 by Muntz, who pointed out that 
during germination a fatty ncid appears in the seed, pointing: 
to a process of hydrolysis of the oil. Schtwenberger in 1876 
showed that when an oily seed is bruised in water, an emulsion 
is obtained in which careful observation will soon show the 
presence of glycerin as well as fatty acid, He pointed to the 
evident hydrolysis going on and suggested that it is due to an 
‘enzyme, Detmer in 1880 attempted to reconcile the new 
theory with the old one by the suggestion that the fatty meid 
arising during the hydrolysis is the immediate antecodent of 
the starch, and put forward the following theoretical equation to 
explain the process : : 

C©yH,O, + 270 = 2C,H,,0, + 6CO, + 78,0. 


Tt is evident’ however that no suggestion involving the 
direct transformation of oil into starch is at all adequate to 
explain the course of events, for neither oil nor starch is 
diffusible, and as the two bodies appear at a considemble dis- 
tance from each other, separated by « number of cell-merabranes, 
there can be no very direct connection between the diswppomt- 
ance of the one ond the formation of the other, 
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‘Tho enzyme whore promnce was suggested by: 

‘berger was discovered by the writer in 1889 in the 

seeds of Ricinus, the castor-oil plant, Some of these seeds 
wore germinated for about § days, until the embryo was of some 
considerable sie, its hypocotyledonary portion being 24 inches 
long and a fair root system doveloped. ‘The endosparm was 
swollen and seri-mucilaginons in appearance where it was in 
‘contact with the cotyledons. Such endosperm were ground up 
in a sortur with a solution containing 5 per cent, of sodium 
chloride nnd -2 per cent, of potassium cyanide, the latter being 
used ag an antiseptic. After standidy 4 hours the liquid was 
filtered till it was nearly clear, retaining oilly 4 slight opalescence. 
‘A thick emulsion of castor-oil was thon prepared and a little 
‘of the extract carefully stirred into it, a little neutral litmus 
olution being added ot the same time, A boiled control was 
propared in tho same way, and the two were placed in aa in- 
cubator at 35°C. In about half-an-hour the litmus in tho 


of fatty noid, This was extracted by shaking the digestion with 
dilute soda solution, when the acid formed a soluble soup with 
the alkali, On decomposing tho soap volution with « mineral 
acid a quantity of fatty acid soon rose an a xeum to the sueface. 

Tn m subsequont experiment a larger quantity of the 
emalsion treated in the same way was allowed to digest in x 


‘control experiment with boiled extract, which waa carried on 
side by side with the other, showed no change of reaction and 
no glycerin was present in the dialyeate. The experiments 
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An examination of the properties of the lipase showed that 
16-2 
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it worked most advantageously in neutral solution, but was 
also active in dilute alkalis, and to a much less extent in dilute 
eid. The uctivity was tested by noting the amount of 
standard alkaline solution which was necessary to neutralise 
the thtty acid formed, Comparing three digestions, the first of 
which was neutral, the second containing “066 por cent. of 
sodium carbonate, and the third (066 per cent. of hydrochloric 
acid, the relative activities wero as 78 ; 69; 21. Hydrochloric 
acid whon present in the proportion of °13 per cent. stopped 
the action almost entirely; sodium carbonate needed to be 
present in the proportion of 6 per cent. to lessen its power 
‘ond-half. ‘The effeot of prolonged wetion of both acid and alkali 
‘was the destruction of the lipase and not merely an inhibition 
of its working. Neutral salt such as sodium chloride impeded 
the warking of the enayme, but did not destroy it. 

Lipase is present only in the endosperm of Ricinus, the 
exobryo containing none. This is what would be expected, as 
the oil does not pass from the one to the other and the 
carbonaceous food material temporurily appearing ia the 
embryo is in groat part starch, 

‘There appears to be no lipase present in the resting seed of 
Ricinus, but ground seeds when kept at 35°C, for a few hours 
in the presence of very dilute acetic acid develop the power of 
hydrolysing oil An extract of the resting seeds, made with 
salt solution, and then faintly acidulated with acetic acid and 
kept warm, also undergoes the same change. At first quite 
inactive, it gmdually develops the enayme, just as the 

under the same treatment develops trypsin, The lipase there- 
foro may be regarded as existing in the form of a zymogen in 
the resting seeds, the latter being converted into the enzyme 
when germination begins The same transformation takes 
plico without acid, if an extract of rusting seeds is allowed to 
stand some days under adequate antiseptic precautions, 

‘The furthor changes which the products of hydrolysis under- 
go may be brictly alluded to here, The fatty acid i not 
farther affected by lipase; after # prolonged exposure of tho 
latter with risinoleio avid no change can be detected. During 
germination however the fatty acid does disappear from the 
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afler allowing it to stand for 24 hours at 30°C, ho found in all 
cases a Inrger quantity was required after the interval, Free 
fatty acid was accordingly de on standing, and this 
was due no doubt to the presence of lipase. Sigmund says 
that the resting seeds he examined contained a certain ainounb 
of enzyine, and Uhat Uhie was incrensed wt the onset of gormi- 
‘nation. 


‘Tt has already been mentioned that Sigmund attributes the 
power of hydrolysing oils to myrosin and to ewulsin, Causing 
what he took to be a preparation of these enzymes to uct: upon 
olive cil in closed glass vessels at a temperature of 38° to 40°C., 
he found that there was a gradual and continuous formation of 
free fatty acid in the mixture, its presence being demonstrated 
by both litraus and phenol-phthalein, 

* On locking over his experiments it does not appear to be at 
all certain that the results were due to emulsin or to myrosin; 
it socms far more likély that he was dealing with lipase 
present in the seeds in addition to the other enzymes, The 
occurrence of more than one enzyme in a tissue is very common, 
both in vegetable and animal organisms, and many instances 
of it have already been given. Sigmund prepared his two 
glucoside-splitting enzymes by bruising in water seeds of the 
mustard in one case and of the almond in the other, and allowing: 
them to digest with excess of water for 12—14 hours, He 
then decanted the supernatant fluid and added to it an excess 
of alcohol. ‘This caused the formation of « bulky precipitate; 
removing tho latter by Gltmtion he washed it with alcohol and 
dried it ot nbout 40°C. This method would certainly not 
propare any enzyme pure; bis precipitate would contain all the 
soluble proteids of the seed and all the enzymes that might be 
present, The action of a solution of vhis powder at ones 
suggests that it contained lipase, and the natural deduetion 
from the experiment would be that mustard seeds and almonds ~ 
must be added to the list of thoso in which the existence of 
this enayme has been established, rather than that glucoside. 

iting enzymes possess the power of hydrolysing oils, ‘The 

constitution of oil on the one hand and of glucosides on the 
other opposes very strongly the view that there is one 
hydrolytic agent which is capable of decomposing them both. 
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Flaw, 
conspicuously of an oily nature. Du Sablon found the ail of 
these seeds to dirainish markedly during germination, and the 


“quite conceivable that it may undergo further decomposition as 
fast as it ia set froe, Du Sablon did not attempt by any 

. wnethod to secure an accumulation of it, and hence his denial of 
its existence eannot be nocopted us decisive, He did not attempt 

either to bring about the decomposition of the oil by any 

‘extmet containing lipase, but relied entirely on his analyses. 

Tn his discussion of his results he suggests the existenoa of 

‘a modified lipase which sets free fatty acid from the oil, but doom 

not liberate glrcerin; such fatty acid however represents but 

‘small part of the oil decomposed. ‘The glycerin rudical of the 


thine changes; and ultimately this also is converted to dextrin 
and sugar. 

‘Both the cane-sugar and the starch he is inclined to con- 
sider o» indications that the oil iy decomposed more rapidly 
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than it is required by the young plantlet, and hence he regards 
them as secondary and temporary roservo-stores, He identifies 
both invertase and diastase as present in the watery extracts 
of his seeds, In some cases, especially in the soed of Colzn 
(Brassica oleracea), he thinks the doxtrins occur ns inter- 
mediate bodies botween the oi and the non-reducing sugar, 

‘One difficulty in the way of accepting du Sublon’s views on 
the course of the transformation is the great untikelihood of 
fatty acid sorving directly as an antecedent of carbohydrates, 
No instance of o similar transformation is known, and no 
laboratory method can at present bring it about, The great 
stress he lays on tho prosumed absence of glycerin is aleo 
noteworthy, for it is not difficult with proper methods to prove: 
ftw occurrence, as the writer haa already shawn in the course of 
his own work on Ricinus Tt presence or absonoo appears 
important as indicating whether or no the enzyme which he 

icates is identical with lipaxe. 

Tt has already been noticed that Penicilium glauewn is the 
source of several enzymes, To those already mentioned, lipase 
must be added, Gérard has found that the watery extract of 
this fungus is cupnble of hydrolysing monobutyrin, ‘The best 
means of showing its power is the process of cultivating it im 
Raulin’s fluid to which » little monobutyrin has been added. 
Batyric acid is very quickly liberated, just as with Hanriot's 
lipase from blood. It may bo noticed in view of Sigmund's 
work diseussed above, that Gérard finds emulxin does not 
hydrolyse monobutyrin, 

‘The conclusions of Gérard have been confirmed inde~ 
pendently by Camus, who has also found lipase in another 
fungus, Aspergillus niger, 

Lipase has been extracted by Biffin from a fungus which 
sometimes attacks Coco-nuts during germination, ‘The fungus 
‘in question has not been completely identified but it appears to 
boa member of the Hypoereacem, u division of the Pyrenomy- 
cotes. Tt grows freely on vegetable tissue which is rich in oil. 

In his experiments Biftin oultivated the fungus in sterilised 
coconut milk till the liquid became acid to litmus The 
anyceliun was then tuken out of the flasks, washed rapidly 
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CHAPTER XV. 
THR CLOTTING ENZYMES. RENNET, 


‘Tue enzymes which noxt present themselves for examination. 
form a group which at first sight appears well marked and 
sharply separated from those we have so far discussed. ‘The 
prominent feature of their action is that it results in the forma- 
tion of a somi-gulutinous clot or jelly, which soon after its 
production undergoes a species of contruction or shrinkage and 
ultimately becomes semi-fibrous in character. Instead therefore 
of producing from a primary body, often insoluble and indiffusible, 
a more freely soluble and diffusible material, they appear to 
invort this order. In two cases however the clot or coagulum is 
accompanied by another prodnet more soluble than the original 
one, or st any rate not less so, Another feature which is 
common to three of them is that the action of the enzyme is 
peculintly associated with cortain compounds of Calcium, in the 
absence of which the clotting does not occur. It is however not 
certain that the resemblance in this particular ix more than — 
suporficial, for the action of the inorgunio salt cannot at present: 
be said to have boon proved the same in all eases, 

One of these enzymes, gonerally known as rennet, opcurs in. 
oth the animal and vegetable kingdoms; the so-called fibrin 
ferment, and tho forment which is instrumental in causing the 
formation of myosin in muscles, are only found in the former, 
Another, peotase, is of purely vegetable origin. The three 
firet mentioned may be regarded us related to the proteolytic 

+: pectuse is associated with certain changes in the 
materials which constitute the cell-membranes of plants. 
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Rennet (Lab, Ohymosin, Presure, Renin). 


‘The first of these enzymes which we shall discuss is the 
so-called Rennet, which is so largely employed in the production 
‘of cheese from milk, When o small quantity of this body ix 
added to a relatively large volume of milk, the latter rapidly 
changes to a stiff jelly; after standing a shorter or longer time, 
the jelly shrinks somewhat, and a watery liquid known as whey 
cores out of it, and after a little while « firm clot is found 
floating in a quantity of the watery liquid. 

‘The formation of this clot, which is really the crude cheese, 
or curd, is due to an alteration of one of the constituents of the 
milk, ‘This ix a body which is known as caseinogen; it ia a 
member of the group of nucleo-albumins, but is generally 
spoken of aa the principal protwid of the milk, 

“As it cxints in milk, enseinogen can be readily preoipitated 
from solution by the cautious addition of « dilute acid: it then 
separates in a loose flocculent form, and can be easily separated 
from the liquid by filtration, When vo sepamted it can be 
redissolved in dilute alkalis and again reprecipitated. 

When cascinogen either in mill, or in solution in dilute 
alkalis, ix acted upon by rennet in the prosene of a small 
quantity of calcium phosphate, it is nb once chemically altered, 
Tr gives riso to the formation of a body which has been named 
casein, which is the proteid constituent of the clot. When the 
whey has separated out, it is found to contain a by-product 
baying proporties resembling those of a solable albumin, except 
that, it is not made insoluble by boiling. It is consequently 
distinct from the serum albumin, or lact-albumin, present in 
normal milk. The formation of this by-product when solutions 
of pure casoinogen aro treated with rounet shows that it results 
from the alteration of the caveinogon. ‘Tho slotting of milk by 
rennet is consequently not to be confused with the 
‘of caseinogun by acid, In the latter case the separated body 


of an insoluble eurd (consisting chiefly of casein) and certain 
quantity of a variety of albumin, The curd differs in composi- 
‘ 





tion fiom caseinogen by containing a relatively large amount of 
calcium phosphate, which on ignition of the proteid remnins ag 
ash, If this calcium salt ia removed from it and it i then 
dimsolved in dilute alkalis it cannot again be clotted by rennet: 
sa procipitated caseinogen ean, Halliburton suggests that it ix 
casente of lime. 

‘The chief souree of rennet in the animal body is the mucous 
membrane of the stomach, and it is prosent in I uantity 
in the stomach of young animals, particularly the calf. Tt ean 
‘be obtained however from the stomach of almost any wnimal 
and may be regarded indeed as one of the normal constituents 
of gustric juice, It exists in the pancroas of several animals, 
especially the pig, ox, sheep, horse, dog and cat; also in the 
human pancreas, Halliburton and Brodie found ib presunt im 
panereatio juice obtainod from the dog by moans of w cannula. 
invorted in the pancreatic duet. Edmunds prepared if from: 
various tissues of the mammalian body, including the testis, 
Hiver, lung, kidney, spleon, thymus, thyroid, brain, intestine and 
ovary, but it was only in very small amount in any of these: 
organs, He aleo obtained evidence of the presence of a small 
quantity in the blood. In animals belonging to groups below 
‘the Mammalia, Benger has prepared it from the stomach 
of the cod-fish, and appropriate treatment hes shown that 
it is formed in the stomach of the pike. Roberts obtainod 
it from the digestive organs of tho fowl, und Harris and Gow 
‘oxtmetad it from the pancreas of the eagle. Tt is stated that a 
small amount may be present in urine, but this is probably an 
indication of its excretion from the body, Bubeock and Russell 
have found that milk itself contains a vory small quantity. It 
has & wide distribntion in the vegetable kingdom, but this will 
‘be treated of in greater detail in a subsequent section, 

Phe preparation of rennet in an impure form from the 
stomnch or pancreas is very cusy. AM that is necessary is’ tor 
mince the organ finely, eithor in the fresh stave, or alter 
dehydration by alcohol, and then to extract the pulpy mass with 
glycerin, water, or solutions of nontral salts, If the reaction of 
the solvent is mude faintly acid, a more active preparation is 
obtained than if it is perfectly neutral. The most efiteient 
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‘The solution is then filtered and -1 per cent. of mineral anid is 
added, ‘This produces a thick precipitate of mucous matter 
which can be soparated mechanically, leaving the enzymes in 
solution. ‘The acidity is next raised to “5 per cent, and the 
liqnid saturated with powdered sodium chloride, It is then 
kept for 2 or 3 days at 25°—30"C. with constant sti 

and the temperature is gradually raised to 90°—35°C. After 
standing for a day or two, a white flocoulent scum sopirabes oub 
which can easily be removed by skimming or filtration and 
dried at about 28°C, This is an amorphous white gelatinons 
substance, greatly resembling aluminium hydrate in appearance, 
‘Tt is without taste or smell, and dissolves readily in water, 
forming @ clear solution. This procipitate is nearly pure ren- 
‘net, a small portion of it readily inducing coagulation im mille. 
‘The mother liquid from which it is removed has no enrdling 
action but is possessed of very considerable peptic powers, 

Blumenthal says that the same treatment will separate the 
two enzymes from the so-called pepsin essence of conmenve, 
which is very impure, 

Friedburg found on repeating Blumenthal’s experiments 
that the prolonged standing after saturation with sult was nob 
always neocssary, but that if comparatively siaall amounts of 
material were used, the rennet separated almost: in 
Ho recommends its immediate removal, for on sanding it, 
shows @ tendency to sink in the liquid, 

Hammarsten quotes the following reactions as characteristic 
of his purified product :— 

(1) it does not show the xanthoproteic reaction, 

(2) its watery solution does not congulate on boiling. 

(3) it is not precipitated by aleohol, nitric acid, tannin, 
‘iodino, or normal lead acetate. 

(4) it is precipitated by basic lead acetate, 

Friedburg found his product obtained by Blumenthal’ 
method gave exactly the same reactions, 

‘The effect of heat on the rennot enzyme is to some extent 
dependent on the reaction of the solntion. Ita optimum poing 
is about 40°C, Neutral preparations will romain active after 
4 short exposure to 70°C, but if kept long at that temperature 





Rennet is active in neutral, or in faintly acid or alkaline 
solutions, but the presence of only a little more than the 
optimum quantity of either acid or alkali speedily destroys the 
‘ensyme at the ordinary temperature, Hammarsten found that 


‘Tho action of rennot is materially impeded by tho presence 
of peptone or some kinds of proteose, Edmunds has published 
mm acconnt of some experiments on this point which are very 
interesting in the light of the offect of the ame proteids on the 
process of the coagulation of the blood. He mixed in several 
tubes 10e0. of silk, a varying quantity of Witte's " poptono,” 
containing » certain amount of proteoses, and 150 cubic milli- 
motes of o preparation of rennet and exposed them to a 

of 40°C. In the absence of any “poptone” 

clotting took placo in 10 minutos; with “625 per cent. prosint, 

it-did not set in for 20 minutes; with 2% per cent, no clot was 

formed till aftor 45 minutes, and in the presence of & per cent, 
‘was delayed for neveral hours. 

Tis alrondy been mentioned that the salts of calcium 
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‘play an important part in the action of this enzyme, The most 
pronounced effect ix produced by ealcie phosphate, 


take place in the absence of this salt. ‘The experiment can be 
made by dialysing the milk till all the salts have disappeared, 
when rennet ix inoperative upon it, ‘The sume effect can be 
seen when experiments are carried out on n pure solution of 
cascinogon propared by precipitating it from milk with dilute 
acetic noid, filtering and washing quickly with distilled water. 
‘The solution of this in water gives no clot with rennet Tf 
however it is dissolved in lime wator and the solution carsfully 
noutralised with dilute phosphoric acid, » milky-looking liquid is 
obtained which behaves exactly like milk itself, curdiing indeed 
even more radily on the wddition of rennet. Itis noteworthy in 
this connection that checwe always contains a cortain amount 
of calcie phosphate, Ringor states that other salts of ealeium, 
especially the chloride, ean replace the phosphate. 

Hammarsten, to whom our knowledge of this peonlinr 
behaviour is due, explains the action by saying that the 
enzyme induces the conversion of easeinogen into cxein, and 
the calcie phosphate makes the latter separate out in the 
condition of the clot or curd, He quotes in support of his view 
the following experiment. 

Bome pure easeinogen prepared as described above, and 
ascertained to be ash-five, wus dissolved in dilute hydric-disodie 
Phosphate and the solntion divided into two paris, A and B. | 
‘A wax treated with rennet and both were digested for halGan= 
hour at 20°C, A was then boiled to destroy the enzyme, and 
B was boiled also that the two might be eapablo of comparison, 

A quantity of the rennet solution equal to what had been 
added to A was then boiled and added to B, After both bad 
been cooled the same amount of calcinm chloride was added 
to each, A, in whieh the rennet had acted for thirty minutes 
without producing m visible change, at once gavo w thick 
precipilaty of cwein, B, in which rennet though present: 
hud been provented from acting, remained unchanged. ‘The 
curd appears to be therefore not casein, but a com 

of casein and the calcie salt, Ringer has published an account 
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Haintmaraten. 


Soles Natta Re telat ata decor 
inhibitory action of peptone, This body can combine with such 
sailts, and it may be that no clot is formed owing to their being 
taken out of the sphere of uction by means of such a combina- 
tion, The subject needs however further research before definite 
opinions can be formed upon the point. 

‘Tho proportion of wator to casoinogen in the mille must be 
taken into nccount in considering the curdling, Mayer found 
that milk which gave a normal clot in 26 minutes took 30 
minutes when 5 per cont, of water was added; further addition 
of water retarded 2 longer, and when 20 per cent. had been 
added the time taken was 73 minutes, the proportion of rennet 
‘and the temperature of the experiment beiug alike in all cases. 
‘The clot produced in diluted milk is much more flocculent than 
‘anormal one, 

‘The dilution of the rennet extraot itself hus still greater 
effect in the sue dirvetion, Soxhlet found that when one 
part of « particular preparation of rennet was made to act upon 
ton thousand parts of milk, curdling took place in 40 minutes; 
bat whon the same quantity of renmet was mixed with five 
‘hundred parts of milk, the clot was formed in two minutes and 
six seconds, From his experiments he inferred that the time 
‘taken to form the clot wus inversely proportional to the amount 
of rennet used. When however smaller quantities of the 
‘enzyme are employed, this relation does not hold, ‘The writer 
found that with a particular preparation of the enzyme from the 

seeds of Ricinus, while 1 c.c, clotted 5 cc. of milk 
in two minutes, 2 cc. did not produce its effect till after four 
hours, In another series of experiments in which the extract: 
was diluted so that the total amount of fluid added to the milk 
‘in cach case was the same, tho sume result was obtained. 1 ce. 
clotted 5 cc, of milk in five minutes; “125 ec. added to “875 cc. 
‘of water, did not olot 5.0, of milk till the expiration of 54 houns. 

‘The chametor of the clot depends also to a large extent 
‘upon the source of the milk, When cows’ milk ix congulated 
‘by rennet, or precipitated by acids, the curd, or the precipitated 
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‘eascinogen, is more solid than when human milk is used. oe 
is particularly noticoable in the casa of true 
slinacreandige peeked bem 
sistency. From what has already been said we can see that the 
solidity or compact condition of the curd formed by the rennet 
‘of tho stomach is mainly detormined by three fuctors:— 

(1) The concentration of the eascinogen solution, 

(2) ‘The amount of soluble calcium phosphate, 

(8) ‘The acidity of the milk 

Comparing the milk of the cow with the human secretion 
wo find it contains about twice ns much caseinogen, and six 
times as much calcium, while it has about three times the 
acidity of human milk, It is natmml therefore that the 
coagulum should be flocculent in the case of the latter, while 
in cows’ milk it is more compact and leathery. By dilution 
with water and appropriate adjustment of reaction, cows’ mille 
‘can be so altered that it will coagulate very nearly in the same 
way as human milk. There will always be some difference 
‘between the two, on account of the preponderance of caleiam 
‘phosphate in cows’ milk, 

Reonet will induce the formation of a clot in boiled milk, 
but tho curd is very flocculent: and a considerable quantity of 
the enzyme is needed for the coagulation. ‘The alterution which 
causes this difference is greater in proportion to the temy 
towhich the heating has been carried and the time the milk hay 
been exposed to it, 

Before leaving the wubject of the action of rennet on milk it 
seems not inappropriate to allude to some thoorles of its action 
which have boon advanced, but which are now disproved. ‘The 
most prominent of these has beon that the rennet acted upom 
the sugar of the milk, onverting it into laotio acid, and that 
the separation of tho enrd was du to tho presence of the latter, 
Liebig in 1865 advanced this view and suggested that the 
luctic acid neutralised the alkali which keeps the cascinogen 
dissolved, thus precipitating the latter, 

Soxhlet had a slightly difforent conception, He thought 
thut tho difference betwen the congulntion of milk by rennet 
and the precipitation of the caseinogon following upon ite 
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addition of nn equal volume of o saturated solution of sodium 





chloride, It differs from caseinogen in turn, in that it will nob 
give a clot whon subjected to the further action of rennet 

‘The conditions that lead to its formation are a large pre- 

of milk over tho rennet solution, ‘Too little of the 
latter must be added to bring about the ordinary clotting and 
then metacasein appears to be formed instead of casein. ‘The 
by-product, or whey-proteid already mentioned, is formed 
simultancously with the motacasein, 

Halliburton and Brodie drew a distinction between rastcie. 
and pancreatic rennet which has not been noted by previous 
observers. According ‘to them the clotting indicated dy pane 
cnmatio rennet is not a true coagulation, but a py 5 
which takes placo in the warm bath at 35°—40°C. he 
precipitate is finely granular, and cannot be detected by the 
naked eye. On cooling it to the temperature of the air, it sete” 
into # coherent curd which can be aguin broken up by warming: 
to 35° erate select ost ee 
‘sppeurs fuid, ‘This aay be repeated sovora ti 
and Brodie call the proteid in this condition * 
casein,” and they say it can be converted into cassin by 
gastric rennet. 

Rennet does not appear to be stored in the cells of either 
gastric or pancreatic glands in a condition in which it will 
effect cougulation, but rather to occur in the form of” mi) 
antecedent body or zymogen, This has been established by 
‘Hammarsten and subsequontly by Langley. ‘The lattar physio~ 
logist examined the gastric glands of tho dog, cat, rabbit, 
and frog; also the asophageal glands of the latter; none 
contained rennet, but the zymogen was present in them 
The zymogen, like that of tzypsin or pepsin, can be converted 
‘into enzyme by warming it for fifteen minutes with » 
acid, Langley found that the zymogen, like the rennet 
in destroyed by keeping it for a faw minutes xt 98°C. in the 
presence of 0S—10 por cont, of sodium carbonate. 

Tércher hus recently confirmed these observations of 
‘existence of rennet zymogen. 

n addition to mamunalian sounes Hammarsten found: 
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extracting 
‘enusing it to have a dark brown hue. Its activity is about the 
same as that of wost commercial samples of apiinal rennet and 
the details of its behaviour are undistinguishable from those of 
the Jatter. Ie is similarly affected by temperature, but it cam 
withstand a moderately prolonged exposure to alcobol without 
destrnction. 


‘The writer has met with rennet in the seeds of Datura 
Stramonium, Pisum sativum, Lupinus hirsutus, and Ricinus 
communie; in the two former in the resting, and in the two 
Jattor in the germinating condition. ‘Thought in Ricinus it dows 
not exist in the resting state, the seed contains a zymogen 
which is soluble in wator, and which readily develops the mill 
curdling property on being warmed with dilute acids, The 
rennet itself can be extracted from the germinating weeds by 
either solt-solution or glycerin, It exists in the 
in close association with both lipase and trypsin. Thome in 
generally a considerable quantity present, or it has very 
‘energetic powers: in one experiment a glycerin extract cundled 
two ond o half timos its volume of milk in 6 minutes. The 
malt-solution extract acts more slowly than the glycerin one, 
‘tolinm chloride being a hindnince to the activity of rennet as 
it is to trypsin, Difforent soods however contain very varying 
quuntities of the enzyme, 
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Ricinus rennet is capable of ncting in either acid, neutral, 
or alkaline solutions Too grat a degre prperiiis 
‘the action, ns the acid itself tends to precipitate the caseinogan 

of the milk, 

In the germinating lupin seed rennet exists side by side 
with trypsin, but there is much less of it present, 

‘The enzyme exists also in many of the more lowly forms of 
plants Ducliux has demonstrated that it is produced by 
several of the filamentous fungi, and many micro-organisms 
secrete it. The bacilli examined by Wood which we have seen 
produce proteolytic enzymes also furnish rennet. ‘That two 

ure present in the secretion from these plants is shows 
by their different powers of resisting different, desteuative 
reagonta, Whon they are exposed to the action of gmdually 
inerwasing quantities of mineral or organic acids the power of 
Yeptoniantion disappears before the destruction of the rennet, 
‘while when carbolic acid is used the reverse is the case, Vignal 
has shown that rennet exists in Bacillus mesentericus vulgatua, 
side by side with four other enzymes, Conn separated the 
rennet from the proteolytic enzyme in same of these Bacilli by 
4 method resembling those already described. He mixed the 
secrotion af the microbes with mill and allowed coagulation to 
take place, The clot was then broken up, shaken well with 
distilled water and the whole filtered through porcelain, Sul- 
phuric acid wus ndded till the liquid contained “1 per cent., and 
i was then saturnted with sodium chloride. A white granalar 
locking scum fonted to the surface, which om removal was 
found to be almost pure rennet, the proteolytic enzyme being 
Joft in solution in the brine. Conn found that the rennet 
enzyme was secreted most plontifully by the microbes when the 
culture of the bacillus was carried out at about 20°C, while 
the proteolytic one pryponderated if the temperature was main= 
‘tained ut wbout 35°C, 

‘The action of ronnet is most probably proteolytic, but the 
details of its action are still very obscure, ‘That it splits up 
tho casafnogun seems probable whon we consider the coinsident. 
appearance of the whey proteid and the casein, Neither of 
these bodies however falls into line with the course af proteolysis 






















CHAPTER XVI. 


THE CLOTTING ENZYMES (continued), 
THROMDASE, (THKOMSIN, PLASMASK), THE PLBKEN- 


‘Tar phenomena which are noticeable when m 


preferably drawn from an artory, leaves the blood-ve 
perfectly fluid condition; nfter an exposure of 8 minute 
Tosatti ie 6Sden of the collecting rocentastads 
vincid and gradually sets into a firm jelly, After some 
a yellow liquid exudes in drops ftom the surface, aud g 
inoreases in quantity till the jelly, now become much fi 
is flonting in a consideruble buik of the liquid. ‘The exudat 
of this fluid, known as serum, is due to a shrinkage of 
cortain constituent of the jelly which thus squeeses out of 
the liquid part, leaving a firm clot of a leathory e 
‘This clot is of a deep red colour, owing to the presence in 
‘of the red corpuscles of the blood, which are m 
entangled in it owing to the rapidity with which the ol 
sets in. 

11 was originally supposed that the coagulation or fo 
of the clot was due to a mechanical coherence of the 
which can be seen to ran together and form rouleaux 
drop of blood diluted with water or a weak solution of 





+ paraglobulin ov serum-globulin, its reactions 
fibrinogen it was a member of the globulin ¢ 


Pele Sake ik tee 
by other substances, such as calcium chloride and. 
casein, Serum-globulin itself when pure is 
‘Hee was thus led to the view that the formation of fi 
to the action of the i 


‘to be a ferment action, and the fibrin-ferment has 
‘past twonty years been the subject of much eurefal in 
Tis behaviour indicates that it belongs to the great 
‘enzymes, more closely appronehing rennat than any 0 
discovered. Tt shows the sme dependence mpon ter 
as the other enzymes, having a minimutn activity at a 


destruction in the course of its notivity. The 

‘it note up is not certainly known, but it appears to beh 

‘the manner of rennet, decomposing the fibrinogen wit 

formation of an insoluble proteid, frin, and a soluble 4 

globulin chamoter which remains in solution, This d 

sition recalls the formation of casein and the whey p 
We have seon thot tho fibrin ferment, which = 
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not spontaneously coagulable, would produce m clot on the 
addition of some fibrin, Buchanan diluted blood with a eon- 
siderable quantity of water, thereby delaying tho proooss of 
‘and causing the clot when formed ta be of a loose 
fibrons character, ‘The fibrin could be removed from the blood 
‘ns it was formed by stirring the later aac wish’ Esl 
of twigs to which the fibrin adhered. Buchanan called 
proparstion “washed blood clot.” Many yoars Inter gone 
ascertained that the washed blood clot when extracted with 
& solution of sodium chloride containing about 8 por cent of 
tho salt, yielded a very sctive ferment. Subsoquently othor 
observers showed that normal fibrin, obtained from blood with= 
* out dilution, yielded an equally active extract, ‘The thrombuse 
‘can consequently be propared from the fibrin of the clot oF from 
the seram which exudes from it after standing. 

‘Thrombaxe does not exist in normal blood before coagulation 
has taken place. If blood is shod from a voin ar artery directly 
into aloohol and subsequently treated in the way Schmidt 
‘treated his serum or defibrinated blood, the solution or extract 
of the precipitated proteids will not cause coagulation of serous 
fluids. ‘The appearance of the thrombase appears to be almost 
coincident with the act of congulution, Schmidt stated 
that just at this moment there occurs a disintegration of the 
colourless corpuscles or leucocytes, and suggested that this was 
the decomposition which gives rise to the enzyme, Thia ix 
supported by an earlier observation of Buchanan that when 

jon is retarded to such an extent that the red corpuscles 

wink to the bottom of the liquid before it takes place, the 

supernatant plasma, known as the bujly coat, ylelds a more 

native “ wanbed-bloodclo.”™ than the rest of the blood, ‘This 

buffy cont contains the greatest abundance of the ae 
which sink much more slowly than the red 

therufore concluded that the power of the washed clot to rites up 
depended on its cellular elements, 

‘The nature of the fibrinferment as obtained from the two 
sources mentioned docs nob appear ab first sight to be the same, 
‘When preparod by Schmidt's method it seems improbable that 
it in of a proteid nature, as all the proteids of the blood he used 
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may be supposed to be coagulated and rendered insoluble by « 
prolonged exposure to the uction of tho aleohol. As extracted 
from fibrin howover it appears likely to belong to the clas of 
globulins, proteids which aro insoluble in water, but soluble in 
solutions of sodium chloride or other nentral salts, There is 
‘reason to think however that the difference is more 

‘than real, for Schmidt says he never obtained his ferment free 
from proteids, and be found it most active when the admixture 
with proteid was greatust. Ib is not difficult to suppose that 
hin protoids were not completely rendered insoluble by the 
alcohol, He sayz moreover that he was never able to obtain 
his fibrino-plastin (serum globulin) free from ferment, ‘ 

‘These considerations led most observers to entertain t] 
‘opinion that the ferment was proteid in nature and was 
associated with the serutn-globulin. 

On the other hand, the globulins are always precipitated or 
coagulated by being heated. Heat coagulation of a proteid 
imuat not be confused with the coagulation of the blood or of 
milk, os it only indicates u conversion of the proteid into a 
peculiarly insoluble form and not the formation of x clot, Ib 
is o little unfortunate that tho same term is applied to two 
different, processes. When an albumin or a globulin in solution: 

‘is heated to a temperature usually about 70°C, it is converted 
into the insoluble body in question, which is known aa 
proteid, Schmidt says tbat when aqueous solutions of his fare 
ment were builed they did not throw down any of this proteid, 
though the specific action of the enzyme wos destroyed at a 
temperature of 70°C, ‘The sme observation was made by 
Shoridan Lea, in conjunction with the writer, in the 
some experiments made upon the prepnmtion of throu 
from fibrin. 
‘The view that the enzyme ia a proteid was vory 
urged by Halliburton, who prepared it from the leueoey! 
the lymphatic glands. He associated it with o rt 
‘aa much resembling sernm-globulin, bnt differing from 
‘a fow particulars, one of which is its hoat- 
Ban ‘The change on heating in 5—10 per cent, 
chloride solutions takeg place at 60—65"C., while 
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with shed blood, the process of clotting does not take place, 
‘This extract contains a peculiar proteore Other methods of 
maintaining its fluidity whon shed will be reforred to subse- 

ently. 
a plod kopt fluid by such methods yiolds thu different 
plasmas which are not spontaneously coagulable but which by 
different treatment can be made to yield a clot, These are 
gencrully roferred to as “salted plasma,” “peptone-plasma,”” 
“Jeech-extract plasma,” ete. 

‘The influence of the inorganic salts present in the liquor 
sanguinis must be taken into account in the study of the 
phenomena of cougulation, If blood is kept fluid by any of 
tho methods in vogue and dialysed till quite free from salts, no. 
oougulation ean be induced, Of all the salts present in the 
plasma, the compounds of calcium invite particular attention, 
Tt was first demonstrated by Briicke that the ash of fibrin: 
always contains this metal in some combination. ‘The writer 
fonnd in 1884 that fibrin prepared by whipping blood always 
contains w certain quantity of calcium snlphate which ean be: 
extracted by appropriate means. As already stated Ham- 
marsten showed that calcium chloride could take the place of 
paraglobulin in aiding the action of thrombnse, 

‘The writer found it 1885 that when a salted plasma was 
diluted so that ite normal coagulation took place in about an 
hour, it could be imude to clot in a few minutes by the addition 
of a few drops of ealcium sulphate solution, ‘The salted plasma 
itself of course contained some of the enzyme, the action of 
which was temporarily inhibited by the magnesium sulphate 
used, Addition of calcium sulphate to a serous fluid such ag 
hydrocele which contains no ferment caused no coagulation, 

‘The conclusion was obviows, that in some way or other the 
thrombase was dependent upon a calciam salt, possibly the 
sulphate, for its manifestation, 

‘This conclusion was borne out by depriving horse's blood of 
its salts by a long process of dialysis, which was carried out it 
tubes surrounded by ice, When the blood of the home is 
maintained at a temperature of 0° C. as already stated, conyu= 
Intion may in favournble cases be indefinitely postponed, Afeer 
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‘The part played by the salt of calcium ia at present still obe 
secure, When we consider that calcium ia always prosont in the 
ash of fibrin it seoms at first sight very possible that the latter 
is produced by the union of the fibrinogen and either ealeiuns 
or some compound of it, and that the work of the thrombase is 
to secure their combination. But experiment and analysis 
alike negative this supposition, With a considerable quantity: 
of fibrinogen in a solution the weight of fibrin formed does not 
vary with the amount of calcium salt introduced. A very 
smoall quantity induces coagulation, and a larger quantity does 
no more. Hammarsten has shown recently that fibrinogen and. 
fibrin both contain the same amount of calcium, so that the 
latter cannot be a calcium compound of the former. 

From the experiments already referred to the writer was 
Jed to advance the view that the thrombase might exist in the 
‘blood in the form of a zymogen, and that under the influence of 
the calcium salt it might be converted into the active enzyme, 

‘He was unable however to obtain any evidence in support of this 
‘hypothesis, More recently the same view has been pat forward 

by Pekelbaring, who has been able to bring forward some 
experiments which tend to establish its accuracy, He haw 
prepared from various forms of extra-vascular plasma a sabe 
stance which possesses no fibrino-plastio properties, but which 

by treatment with w salt of calcium, acquires the power of 
setting up congulation in solutions of fibrinogen, ‘This sube 
stance appears to be identical with Halliburton's so-called * calle 
globulin,” which is roally & nucleo-proteid, as already shown. 
‘Hammarsten also has shown that the nucleo-proteid can ba pro- 
pared from plasma, and that it is incapable of acting asa fer- 
ment until it hna been exposed to the action of soluble salts of 
calcium, Pekelbaring has suggested that the interaction of 
‘the calcium salt with the nucleo-proteid zymogen, which has 
Deen called prothrombin, is really a union of tho two, bab 
this view bas not at present met with general acceptance by 
physiologists, 

‘Thrombase is thus seen to possess the properties of an — 
enzyme. Its uctivity shows the same dependence on temparn= 
ture that has been noted in the eases of the other soluble: 
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ferments which have so far been discussed, A very 

quantity will Ries Wohieg ia soy are eee 
the time it takes to bring about the change being spproxi- 
mately in inverse ratio to the nmount present, It exists in 
the living body in the state or condition of a zymogen, but it is 
peculiar in its mode of conversion from the latter, culcium in 
‘one or other of its combinations being necessary for the trans- 
formation, The reason why the interaction of the two doos not 
normally take place in the living blood-vessels has not been 
satisfactorily ascertained. 

Thrombase ix peculiar in many ways, Tt shows a very 
‘great suscoptibility to the influcace of certain neutral salta 
Tts notion is impeded by the sulphates of magnesium and 
sodium, and to a less degree by the chloride of the lntter metal. 
Coagulation is almost entirely inhibited by soluble oxnlates, 
but on the other hand it is aided conspicuously by the presence 
of walia of calcium, especially the sulphate; indeed the action 
of the enzymne is only possible in their presence, Whether all 
these affoct the formation of thrombase from its zymogen, or 
whether they influence rather its aotivity, are points which 
‘are still matters of controversy. We have seen reason to 
believe that the salts of calcium are concerned in the forma~ 
tion rather than the working of the enzyine. 

According to Dastre w neutral reaction is the most favour~ 
able for the exhibition of its activity. Indeed he says that 
when working with any artificial plasma, neutralisation always 
acoclerates coagulation. Hammarsten found that the nev= 
tralisation of many serous transudations not spontaneously 
coagulable, often Iod to the formation of a clot, 

‘The action of thrombase is inhibited by certain organic 
bodies, of which the chief aro certain albamoees or peptone 
‘The secretion of the buceal glands of the leach also prevents its 
notion, 

‘The reason of the inhibitory effect of some of these bodies 
has been ascertained. The soluble oxalates form a compound 
with the calcium which is insoluble and which consequently 
withdraws this motal in great part from the solution. Schafer 
thos shown that this removal does not in all cases pravent the 
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ultimate clotting of the plnsma, ‘The interaction however be= 
tween the oxalates and the soluble calcium salts doos not affect 
the total removal of the latter, When two soluble salts which 
can exchange their metals with one another are mixed in a solu- 
tion, the interchange between them is never complete, but takes 
place up to a certain point nt which a dynamical equilibrium is 
reached between all four of the possible combinations This 
point will vary nccording to the relative amounts of the 
originally interacting bodies, but the interchange is never 
complete unless one of the new products is withdrawn ak 
fast ns it is formed. Even on the addition therefore of considers 
able excess of the oxalates, some soluble salt of calcium will 
remnin, ‘This agroes with Schifer's observation that the onset 
of coagulation is very materially postponed but not altogether 
prevented, 

‘Tho action of peptone and leech-extrnet is considered by 
‘vome physiologists to be of the same order, They hold that 
theve bodies enter into combination with the ealcium salts, aad 
‘#0 provent the formation of the enzyme, It is noteworthy that 
if a stream of carbon-dioxide ix pnssed through a peptome- 
plasma which is not spontanoously coagulable, it soon clota 
‘The carbon-dioxide appears to break up the union between the 
peptone and the calcium salt, and so restores the conditions 
necessity for clotting. Addition of more calcium salt to the 
peptoue-plasmna will, in like manner, enable congulation to take 


place. 

Other physiologists, with less probability, attribute to the 
peptone or albumose a power of destroying the enzyme altor 
gether, Dickinoon clainns that this is undoubtedly tho etfoct 
of the leech-extract, 

It is not possible at present to explain the inhibitory effect 
of magnesium and sodium sulphates, It soeins probable that 
they interfere in some way with the enzyme and not with the 
calcium salt, Sodium ebloride in oxceas may be supposed to 
act like the oxalates, bat much less completely, calcium chloride 
being soluble. | 

A further condition of the action of thrombase is that the 
blood shall be withdrawn from the body, In some al 
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‘other the blood in the living vessels, or tho vessels themmelves, 
cither destroy it or altogether inhibit ite action. Most ob- 
servers have found that the injection of a powerful ferment- 
extract into the veins of » living animal does not produce any 
inteavadcular clotting, even if considemmble quantities are used 
tand if roluble salts of calcium are simultaneously introduced. 
‘Halliburton says that if Rave Jarge quantities of thrombase nee 
injected into the vessels, the blood coagulates more rapidly than 
normal blood when it is subsequently withdrawn, ‘There appears 
to be a dostruction of the enzyme on ita introduction into tho 
ody, Such w destruction moreover may be normally taking 
place in the blood. We have already seen thnt one source of 
the enzyme is the leucocytes of blood or lymph, Schmidt was 
of opinion that the cause of its formation was the disintegration 
‘of these leucocytes, which he found to take place as goon a 
blood is shed. As these cells are continually being decomposed 
in tho living body, wo must suppose that they do not under 
‘these conditions form thrombaso, or that it is destroyed os soon 
a4 formed, or that the living blood or the vessels in which it 
flows prevent the action of the enzyme on the fibrinogen, 
‘The absence of coagulation cannot be due to a deficiency of 
calcinm sults, for the mere shedding of the blood eannod affect 
the amount of these which it contains. The observation of 
Schmidt that when normal blood is allowed to flow into wleohol, 
no enzyme can be oxtrcted from the precipitate which is 
formod in the spirit, suggests that an actual deatruction of 
‘thrombase takes place in the blood-vessels, 

‘The notion of thrombase on fibrinegon may be compared 
with that of rennet on cascinogen. In both cases we have the 
formation of a very insoluble body, which constitutes the solid 
matter of the clot, together with the appearance of a soluble 
ywotcid which appears to be formed simultaneously. Denis 
found that when a solution of his “plasmine” coagulated, a 
new proteid substance was present in the solution. He guve it 
‘the name of “fibrine soluble,” to distingnish it from the normal 
fibrin of the clot, Hommarsten has observed that the decom- 
position ix attended by tho appearance of this new body, which 
ho says is a globulin congulating when heated to 64°C. More 
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recently Arthus hag confirmed tho observation, He 
in an oxalated i in 


the fibrinogen which can be obtataed! by heutin 

volume of the plasma to the point at which 

precipitated, and is thorofure considerably tess than the total 
weight of the fibrinogen prosent, for many observers have 
noticed that this proteid does not all separate out when its 
solutions are heated to 56°C. If this observation is correct, 
it follows that in the formation of fibrin from fibrinogen there 
aust: be a splitting or decomposition of the latter, 

cannot therefore be due to combination of fibrinogen with 
calcium; a conclusion which we have seen already to be reachad 
by a different method of experiment, 

‘Hammareten holds that the change in the fibrinogen is nob 
‘one of splitting into two other proteids, but is nuther one of 
intro-molecular rearrangement, 

Besides being obtainable from the serum and fibrin of shed 
blood, thrombase can be prepared from many of the tissues of 
the body. Halliburton has extracted it from leucocytes from 
Iymphatic-glands, from the glands themselves, from the 
and from the stromata of the red corpuscles, He says that a 
proteid which can be obtained from muscle-juice, to which he 
has given the name myosinogen, has precisely the same action 
on diluted salted plasma as his cell-globulin or nj 
has, though he hesitates to identify it with fibrin-ferment 
Buchanan found that many of the tissues of the body pos- 
sessed the power of setting up clotting in serous fluids that 
‘were not spontaneously coagulable, He instances 
connective tissue, and certain parts of the central nervous 
system, Pekelhuring bas prepared a nucleo-proteid from muscles: 
Dy macerating them in a 25 per cont, solution of sodinm 
carbonate, and adding acetic acid to the extract till a 
falls, He says this eauses coagulation of the blood if it is im 
jected into a vein, 

‘The question of intravascular clotting and its relation to 
thrombase is still very obscure, ‘Though most observers 
that the injection of a very active preparation of the 








rapidly in large quantity, almost instantaneous tion of 
the blood takes place. If on tho other hand tho injection x 
carried ont slowly and not much of tho in in- 


changes which are thus vet up und their relation to the form- 
ation or the action of thrombase need further in 

Schiifor suggests that when thes nuclo-proteids ure either 
‘naturally formed in circulating blood, or are artificially in- 


OT 
Lilionfold har also nssocinted nucleo-protcida with the phe- 
nomena of cougulation. He holds that somewhat complex 
substance to which he gives the name af nueleo-histon is one of 


acid, particularly acetic, are suid by him to have the sume notion, 
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If a solution of pure fibrinogen, prepared by precipitating it 
frow Mood plasina by sermi-saturation with sodiam chloride, ix 
disolved ina dilute waine solution und acetic acid ix added, 
fa precipitate is formed which is Lilienfold’s thromboain, A. 
solution of this in 1 dilute solution of aodinm carbonate yields 
Sbrin on the addition of some caleiuia chloride. 

Lilienfold’s conclusions have not met with entire acceptance, 
‘They have boen criticised particularly hy Sehiifor, who has 
repented his experiments without entirely confirming his results, 
Schiifor is of opinion that the so-called thrombosin is only 
fibrinogen. 


Crustacean. Fibrin-forment. 


A congulation which somewhat closely resembles that of the 
blood of Vertebrate animals can bo abserved to take place in 
the hemolymph of many af the decapod Crustacea, the moat 
convenient animals for examination being the lobster (Homarus 
oulgieria), the crab (Caroinus manaa), and the marine and fresh= 
‘water oray-fishos, ‘The fluid in question, which ix often apoken 
of as blood, is of n very pnle red colour or nearly colourless. Tt 
is somewhat opalescent from the presence of numerous amurboid: 


es, 

When this blood or hemolymph is shed from the animal 
and collected into a vessel it very quickly forms a clot in which 
the mppenrance of w network of fibres can be tmeed. ‘The clot 
‘vory soon contracts and equeezes out a clear fluid, which in 
a fow more minutes sets into the form of a jelly. Tho process 
of congulation appears to take place in two stages, the first clot 
only being fibrous. ‘Tho translucency of the sooond jelly-liky 
coagulam shows that the corpuscles of the blood are entungled 
in the first fibrous formation. After a fow hours the second 
clot also shrinks and squeezes ont a liquid which haa no 
further power of congulating, but which is the sorim of the 
blood. 


Tt was originally held that the two clots had differen’ 
origins; that the first was made up of the corpuscles, which 
wore thought to coalesce together after the mannor of the 


as 





‘The blood contains two principal proteids, one of which is 
a.fori of fibrinogen which differ but litle ftom the fbeinogun 


ture of 65°C, It is not precipitated by sodium chloride until 
the liquid is satumted hy the salt. Except for this peculiarity 
it can be provipitated from its solutions in exactly the samo 
‘way ns the fibrinogen of the higher animals. When oxtructed 
from the blood and dissolved in a dilute saltsolution it will 
undergo coagulation on the addition of a little thrombass, 
prepared from the blood of a vertebente animal. 

‘The process of coagulation presents the same features and 
peculiarities which are found in connection with the same 

in the blood of the Vertebrata. 

Tt can be delayed or prevented by appropriate addition of 
neutral salts such as magnesium sulphate to the blood as it ix 
shed. Usunlly a considerable quantity of the salt must be 
employed, Tt is affected by cold in the same way ns the 
congulation of the blood of a vertebrate snimal. 

‘The correspondence in behaviour with ordinary salted 
plasma, and expecially the reaction with thrombase, suggests 
‘that the coagulation of crustacean blood is due to an enzyme, 
and the first occurrence of the fibrin in direct relationship with 
the leucocytes points to the latter bodies aa ite probable 
‘souToR 


= 
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Halliburton made « series of experiments upon these paints 
nnd found that the results bore out: the conelusions 
He was able to propare an enzyme from either the blood or 
the serum separated out from it after coagulation. He used 
Schmidt's method of preparation, and found that either the 
powdered precipitate or an extract of it was easily able to eet 

hop congulation in w solution of crustacean fibrinogen, He 
Ghee rere at's ary hai be eo 
wwas 60 much like thrombase as to be able to cause 
in u salted plasma prepared from the blood of a out, and in a 
solution of fibrinogen prepared from hydrocele fluid, 

Halliburton says that: the amaboid corpuscles of the blood 
tre the sourea of the enzyme, but he does not quote any, 
experiments which definitely lead to that conclusion, 
his made a yery careful examination of the different kinds off 
corpuscles which the blood of the Crustacea contains and among 
them he finds some pale ones, oval in shape, which contain a 
anal numbor of fine granules, When those, which ocour in 
considerable numbers, are watched under the ‘microscope they 
show some very peculiar features, From each a number of fine 
paendopodia are shot out with some suddenness and little 
portions of the protoplasm travel rapidly along them, and burst, 
after swelling up to form a kind of vesicle, ‘The pseudopodia 
vary in number and in shape; indeed the protoplasm of the 
surface of the call sometimes awella and bursta, without any 
formation of them at all. ‘These changes are associated with 
remarkable alterations of the nucleus of the corpussle, Handy 
has culled them “explosive corpuscles," and has associated the 
formation of the fibrin-ferment with them, on account of the fisob 
that thoy are the only ones which are disintegrated at all rapidly 
afvor the shedding of the blood. He says that thore is a marked 
correspondence in time between their solution and the solidifi- 
cation of the plasma, and that substances such as vory dilate 
solutions of iodine, which keep the corpuscles from scale 
clay in about the same degree the coagulation of tho 
He cals eitetion to the fine grams devsribed os appowing — 
in these cells, and shows that if the cells are prevented from 
breaking up while the granules are allowed to dissolve out of 
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them slowly, the onset of coagulation corresponds with the time 
of the discharge of these gules from the corpuscles, ‘There 
is thus a certain amount of evidence that thes explosive ear 
puseles secrete a form of fibrin-ferment, which is probably 
identical with thrombase prepared from the higher animalk. 
‘The coagulation as we have said is seen to take place in 
stages, the first of which is almost instantaneous and 
all the corpuscles being enclosed in threads 
must be due to the rupture of the explosive cells und 
Lsreramih Beery eth Se 
mation of the fibrin, the wha place 
diffusion of the liberated ferment meee 
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Although the two cougula seem to the eye to be quite disti 
from each other it is very doubtful whether the second process 
is not a continuation of the first one without any brak or 
interruption, for the most careful efforts to extract the first clot 
from the liquid before the formation of the second have been 
entirely unsuccessful, 


Myosin-ferinent, 


‘The formation of myosin, which is characteristic of the onset 
of rigor mortis, is phenomenon which presenta many features: 
in common with the formation of fibrin in the blood. Tho 
similarity of the two processes has heen pointed out by Kilhue, 
who worked with the muscles of frogs, snd by Halliburton, 
whose experiments were conducted on rabbits, eats and pigeons, 
Both observers were able to prepare from muscles by strong 
promure a liquid or plasma which quickly became gelatinous 
‘in consistency and formed a clot. On standing the clot shrank 
and separated from a fluid comparable 


if 


atm very low temperature, scarcely above 0° C 
carte a eae acronis 
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respectively, differ however considerably in appearance and in 
properties, While that from blood is stringy and its fibrin 
portion almost insoluble after its formation, that from musele is 
gelatinous and soft, and rendily dissolves in salt solutions of 
modorate concentration. ‘The substance which is formed and 
which is comparable to fibrin is known as myosin, 

Halliburton showed a further difference between the two in 
that the sult solution of myosin can be made to clot a second 
time with comparative ense. In some enses he found that the 
process of redissolution and recongulation could be 
three or four times, A salt solution extract of rigid muscles, 
in whieh the myosin had beon formed before their removal 
from the body, behaved similarly. 

When a muscle plasma is prepared hy aqueoting it from 
@ fresh muscle carefully freed from blood and manipulated ab 
0°C, it can be kept fluid for a long period in the same way ns 
Plood plasma by ndmixture with neutral salts, magnosium oF 
sodium sulphate and sodium chloride being most advantageous, 
Tf much a saltor plaama is diluted, coagulation slowly takos place. 

‘The coagulation is due to the action of an enzyme which is 
present in the muscle, and which nccording to Halliburton ean 
be extracted from it by the following method :— 

‘Muscle is allowed to undergo rigor and is then minced 
finely and kept under absolute alcohol for a long time, Tha 
small pieces are dried over sulphuric acid and powdered, An 

extract of the powder contains the ferment, 

Tf such an extract is added to a diluted salted plasma 
which normally clota in 12 hours, the congulation takes plica 
in toss than one quarter of the time, Addition of the powdered 
muscle substance produces a similar affect. 

‘Phe myosin-ferment is associated with a proteid which has 
the properties of a deutero-proteose, and which can be extracted 
from the muscle plasma or from coagulated muscle kept for a 
long time under aloohol, Halliburton is ruther inclined to the 
view that this substance is itself the enzyme, much as he 
contends the nucleo-proteid or coll-globulin already described 
is the fibrin-ferment. 

‘This enzyme is quite distinct fivm the fibrin-ferment, nob 
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‘Deing able to cause coagulation of salted blood plasms; nor can 
fibrinferment set up clotting in musolo plasmon. ‘hoy differ 
‘moreover in the temperature at which they are destroyed ; while 
‘thirombase is decomposed at 70°—80" C,, the is 
not destroyed till a Lemperature of nearly 100° C, is reacher. 





we ‘Myoainogen—a globulin coagulating at 66*C.; precipi- 
tated by Ob pe maf magnon mint or 0 pe eno 


ae SGolobatio~e glbutin coagulating ot 61° 0; precipi- 
tated by saturation of its solution with either magnesium 
sulphate or sodium chloride. 

4, Myoalbumin—an albumin coagulating at 73°C, and 
not xeparated from the plasma by saturation with cither salt. 

On removal of these a deutero-proteose remains in the 
solution. 

When the serum from the clot is examined it is found to 
contain no proteid coagulating below 63°C. When tho clot is 
dissolved in dilute mult solution and the lattor gradually heated. 
coagula occur at 47°C, and at 66°C. 

"The clot so appears at first sight to consist of the two. 
myosinogens. But on separating them by fractional procipita- 
tion with magnesium sulphate and dissolving them soparatoly, 
clotting only occurs in the solution of the second of them, 
With care this myosinogen can be propared quite freo frum 
forment, when ita solution remaing fluid indofinitely, Addition 
of ferment causes congulation to set in. The myosin formed 
in the clot of the normal plasma appears to entangle the 
paramyosinogen in its substance, Paramyosinogen itsolf will 
not clot either with or without addition of the enzyme. 
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Seajins the nasno of viriaulase, The, 


aid have not been ascertained, but they do.not ap 
inelude Sbsinogen, 
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place and, as stated above, pectosic and later on pectic acids are 
formed. Fremy says further that the enzyme can be prepared. 
from the juice of young carrots by precipitation with aleohol. 
The solid procipitate possesses the ferment power, but will 
not give it up to water. Its optimom working temperature 
is 30°C, and it is destroyed by boiling. It oan work in the 
nbsence of oxygen. 

Since Fremy’s work was published the occurrence of pectic 
compounds in plants has been the subject of careful investigation 
by many observers, In particular Mangin has contributed sub- 
stantially to our knowledge of the several members of the 
group and their transformations under different reagents The 
peculiarities of the action of poctase have also been studied. 
and its distribution more complotely determined, 

‘The general properties of the pectic compounds show that 
they differ considerably from the celluloses, though they have 
often been confounded with them. ‘They are unorystallisable 
‘Dodies, which can be precipitated from their solutions by various 
reagents, and then appear very often in a colloidal or 
tinous condition, ‘They are however very rapidly altered by 
‘the solutions used fr their extraction. Fremy, Schetbler and 
Reichardt considered them to be carbohydrates, allied to 
woucilages and gums, Mangin holds that their reactions 
separate thom from the carbohydrate group; when oxidised 
by dilute nitric acid they give rise to mucic acid, while the 
carbohydrates are converted into oxalic acid, Peotio bodies 
are insoluble in ammonio-cupric-oxide, which dissolves the 
celluloses readily, ‘The latter aro coloured violet or blue by 
fodine in the presence of sulphuric or phosphoric acids; the 
pectic bodies yield no such coloration with any combination’ 
of iodina, 

‘De Haas and Tollens from their analyses of pectine: 
from various sources support the view of Fremy and others that 
‘they are related to carbohydrates if not actual members of the 
group, They show that they contain hydrogen and oxygen 
approximately if not definitely in the proportion of two to ong, 
while thoir carbon amounts to about 48 per cont, Hydrolysis of 
these pectines by dilute mineral acids yields sugars containing 
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with them double salts, which gelatinise more or less freely 
with water, Its solutions in alkaline carbonates are mucil 

‘and difficult to filter, while when oxalate of ammonia is the 
solvent, the liquid remains perfectly fluid and filters readily. 

Fremy’s discovery of the enzyme has been confirmed by 
more recent investigators, and the nature of the changes set 
up by its action are now more fully known, 

‘The most complete inforination upon the peculiarities of 

pectase has been furnished by Bertrand and Malleyre, who 
published several memoirs upon the subject in 1895 and the 
following years, 
‘Their first preparations of the enzyme were obtained from 
the juice of carrots, which were cultivated for the purpose and 
gathered at the period of most vigorous growth. As already 
mentioned, Fromy ascertained that the roots of these plants 
contain pectase. 

In its preparation Bertrand and Mallevre separated the 
central cylinders of the roote from the cortex, and carefully 
reduced them to pulp, afterwards extracting the sap by 
pressure. About 70—80 per cent, of the bulk of the 
was thns squeezed out in the form of a turbid liquid, which 
was then saturated with chloroform and filtered through 
Bezelius filter-paper. 

‘This juice when added to solutions of pectine quickly canned 
the production of a jelly, just as Fremy had previously observed. 

‘The change thus brought about was considered by Fremy 
and his immediate successors to be the conversion of pectine 
into pectic acid, The latter gelatinises moro readily than 
pectine and in solutions of less concentmtion. A perfectly 
limpid preparation of pectine which shows no tendeney to 
gelatinise can be made to undergo the change readily, and 
to set into a soft clot on the addition of a solution of 


pectase, 

But though confirming Fremy's work to the extent already 
mentioned, Bertrand and Mallevre came to different conclusions: 
as to the nature of the product formed. They found that when 
they dissolved the jelly in dilute hydrochloric acid, the solution 
contained a certain quantity of caloium, which was not 
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precipitated on saturation with ammonia, Continued investi- 
gation satisfied them that the jelly waa not pectio acid but = 
cone ne ree 

were directed towards ascertaining 
sicioe te soda as aie devi es tale 
of caleinm, 

‘A purified solution of pectase was propared from the crude 
‘one already deseribed by adding to it a certain amount of the 
oxalate of one of the alkali metals to precipitate any calcium 
that the juice of the carrots might contain, After standing for 
a time till all sediment had settled down it was again filtered, 
when it yielded a cloar liquid, 

Peetine was then prepared from the residue left after the 
‘expression of the juice from the pulpy tissue of the root, ‘This 
matorial was washed with alcohol and boiled for 16 minutes; 
and the mixture filtered before allowing it to cool, 

‘The débris on the filter waa thus freed from any adherent 
‘or soluble pectase, and waa next extracted with » 2 por cont. 
solution of hydrochloric acid, in which pectine is soluble, 
‘Twenty-four hours’ macerntion was considered sufficient to 
extmict the latter substance; at the end of that time the 
liquid was filtered from the residue and an equal volumo of 
alcohol was added to it, This precipitated tho pectine in the 
form of gelatinous flakes, which were collected and dried on a 
porous surface, To ensure their freedom from calcium salts 
they were thon staeped in 50 por cent. alcohol containing 2 per 
cont, of hydrochloric acid. This treattent was continued till 
the pectine gave on incineration only trace of ash which was 
froe from calcium salt. Tt was then freed from acid by 
dimolving it in water, and then precipitating it with alcohol. 
Repeated treatment in this way eliminated most of the acid, 
and it was freed from the remainder by the addition of a few 
drops of dilute caustic potash. 

Bertrand and Mallovro found that when prepared in that 
way a solution containing 2 por cent. of the pectine remained 
limpid and was in the best eondition for further experiments, 
‘When they added to it the decalcified juice of carrots propared 
aa described, it romained indefinitely liquid, though such 
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deoalcified solution contained large quantities of peotase, 
it tio fly af tee at nd 
‘the formation of a jelly, the tine taken depending upon the 
anount of calcium 40 added, The addition of w calcio sal 
alone, or of a calcie salt and some boiled carrot juico, always 
failed w induce the gelatinisution. 

Barium and strontium were found to play the same part as 
calcium, in cases whore excess of either was added to the poctine 
solution, Magnesium on the other hand had no action, or at 
most a very feeble one. 

‘The clot formed by the action of pectase on pectine ia 
therefore composed of pectato of calcium and not free pectic 
acid, as the earlier observers thought. 

Tt will be remembered that, in the case of rennet, « similar 
combination of ealeium with caseinogen takes place, thr easein 
formed being according to Halliburton a caseate of lime. 

Berteand and Mallevre found that if a large quantity of a 
soluble calcio salt was added to the solution of pectine m 
golatinisation took place without the presence of pectase, ‘This 
was not however due to the formation of pectic acid or ealeie 
pectate bat to tho production of another compound which they 
called w pectinate. The latter was also produced simultaneously 
with the calcio pectate if pectase was present and tho caleium 
salt was in excess, ‘The two gelatinous bodies can be din- 
tinguished from ouch other by the action of a dilute scid, snc 
‘as a 2 per cent. solution of hydrochloric acid. ‘This dissolves 
the pectinato, 5 that the jelly due to the presenoo of the Inter 

It decomposes the caleic pectate by robbing it of 
the calcium, and leaves free pectic acid, which is insoluble in 
acids and consequently persists in the gelatinous condition. 

Pectase is materially hindered in its working by the presenee 
of frve acid, in fact 4 neutral medium is almost essential for the 
production of the jelly. When a mixture of equal volumes of 
the expressed juice of carrots and a 2 per cent solution of 
poctine is taken for experiment, the clot is usually formed — 
in about an hour, If hydrochloric acid ix added to such a 















mixture thore is a considerable retardation, the longer as the 
amount of acid is greater ;09 per cent, delays the gelatinixation 
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for noarly two days, and 1 por cent, inhibits it entirely. The 
same renults have boon observed with aulphurie, nitric, tartario 


contain besides the enayme a larger percentage of acid | 
a cont, 

Asa retarding fotos of said Sa basse tg epee 
‘of @ larger proportion of caletum ealts, or of pectasy, ‘This 
Cocoa juices of cherries and raspberries coagulate 

pootine though they are fairly acid in reaction, The golatini- 
sation depends ultimately on the relative proportion of pectase, 
Siaapeha pal sated peme ny nee 

It has already been mentioned that Fromy denied the 
existence of soluble pectnse in acid fruity. He said that in 
‘those the enzyme was present in wn insoluble form and that ib 


while he failed to get the coagulation with the expressed juice 
from such pulp, Bertrand and Mallevre his 
ments with the expressed sap of such fruits and carried them 
further. ‘Though tho juice as squeezed from the fruit will not 
clot the pectine as Fremy wid, they found it would do sa readily 
if o little alkali was added at the same time to nentralise the 
acid presont, The failure was therefore not dine to the absence 
of pectase, but to the presence of free acid which inhibited 
ite action. 

‘These observers contradict Fremy on another point; they 
have found that by prolonged mnccrution pectase can be ex- 
tracted from the insoluble precipitate produced by aleahol from 
the expressed juice of the carrot. It is not therefore rendered 
stn COR Tp U7 A Wank ox Esl ope 

Bertrand and Mallevre have discovered that instend of 
pectase being confined only to such pulpy tissues as have been 
mentioned, it has a very widespread distribution in the vege= 
Assis Indeod they go wo far as to say that it in 

universally present in green plants, being especially abundant 
in foliage leaves, which they think are the sents of its formation 
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and from which they believe it spreads into the rest of the organs: 
of the plant, Leaves which show mpid growth are usually the 
richest in the enzyme. 

‘A very active preparation was obtained from the leaves of 
‘Lucerne (Medicago sativa) and Trefoil (Trifolium pratense). The 
plants were gathered when in the condition of most vigorous 
growth and bruised ina mortar to extract the sap. ‘This was 
then saturated with chloroform and a flask filled with it, which 
was allowed to stand for 12—24 hours in the dark. ome 
able sediment settled down, which was removed by filtra 
clear liquid was thus obtained which was poured into 
volume of alcohol of 90 per cent. strength, a copious precipitate 
resulting, This was removed from the supernatant spirit and 
macerated for 12 hours ina small quantity of water. ‘The pectase 
was thus dissolved out from the miscellaneous constituents 
of the sap, and on filtering the solution a nearly colourless 
Yiquid was obtained. ‘The enzyme was aguin precipitated by 
the addition of a large excess of alcohol, and was collected on 
a filter and dried in vacuo, Using this method of preparation 
a litre of the filtered sap yielded 5—8 grammes of a white 
powder which was not hygroscopic, but dissolved readily in 
water, Its solution possessed great power of inducing pectic 
fermentation. A 1 per cent, solution of peetine was coagulated: 
in 48 hours by the addition of yyy of ita weight of Lucerne 

or of yyy of its weight of Trefoil pectasa, 

By similar methods Bertrand and Mallevre ascertained that 
pectase is present in the following plants — 











Spirogyra Malus communis (fruit) 

Chara fragilis Rubus idwus (fruit) 

Marchantia polymorpha ‘Armeniaea vulgaris (fruit) 
Lolium perenne (loaf) Cucurbita Pepo (stem, leaf, 
Zeca tunis (Tent) flower, fruit) 

{ris florentina (leaf) Rheum rhapontiaoum (lenf) 
Ginkgo biloba (leaf) Bota vulgaris (leaf and root) 
‘Thuja occidentalis (leafy shoot) Plantae mein (lenf) 

Pinus Laricio (needles) Mentha Pulegium (flower beads) 
Cydouin vulguria (fruit) Solanum —Lycoporsioum (ripe 
Pyrus communis (Eruit) fruit) 
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eels within very wide limita. There are cases when 
is almost instantaneous, In others owing 
cians igsniae shite amount of pectase, the || 
is slow and uncertain, Tu such cases the best results ane 
obtained when the mixture of exp and pectine is exnotly neu 
‘tralised and a little calcio salt added, 1 must not be at once 
inferred that a slow process undoubtedly indicates a small 
quantity of the enzyme, for the latter will not always act 
uniformly, two deterinining factors being the reaction of the 
medium and the amount of calcium salt which it contwins 
‘The disiribntion of the enzyme varies also in the same 
In Cucurbita Pepo the time taken to olot the pectine 
wolution by extracts of equal weights of different parts was as 
follows :— 


Corolla 45 minutes ‘Stom apex 12 minutes 
Young fruit 30°, Lanf petiole 8, 
Stombase 20 5 Teaf bindo 1 


‘Tt wos mentioned above that the action of peotase was 
Inrgely influenced by the reuction of the solution in which it 
was working, as well as by the presence of salts of calcium. 
Bertrand and Mallevre have found that these determining 
factore do not act independently of one another. We have 
seen that ealoic salts are essential to the congulation—in the 
first place because they enter into the composition of the clot, 
But this does not seein to be the only part they play, for the 
clotting is accelerated by the addition of more calcium salt even 
when sufficient to combine with the pectic acid ix already 
prosent. Conversely the presence of free acid has a 
influence on the action. Bertrand and Mallevre found in one 
of their experiments that @ mixture of equal volumes of the 
sap of carrots and of 2 per cent, golution of pectine set into a 
jelly nftor about one hour, On adding hydrochloric acid to 
uimilar mixture in increasing quantitios there was a retardation 
in the time of tho oecurrence of golatinisation, which increased — 
pari passu with the amount of acid added, ‘088 per cent. of 
the acid delayed it 40 hours and “1 por cent. stopped it 
altogether, ‘The same effect was noticed with sulphuric, nitric, 
malic, tartario and citric acids. 








tempting hypothesis that the pectase 
converts the pectitie into pectic acid and that this then reacts: 
VER SS ee beeen 

The wide distribution of pectase, which indeed has been 
found in nlmost every region where it bas been sought, for, 


pectone, poctine, pectic acid, metapectio acid and their eom- 
ane ‘These have been Intely investigated by Mangin, who 


‘between absolute insolnbility and complete solubility in water. 
‘Phe intermediate bodies exhibit gelatinous stages, charncter- 
ined by the power of absorbing water in a greater or lems 


degree. 

‘The first series, one of whose mombers is the peotine 50 
often alluded to, is composed of bodies pomossing a neutral 
reaction; the mombors of the other are feeble acids, Of thom 
pectic acid ix ono of the most prominent, The two series are 
closely related to each other, for by the action of heat, acids 
or alkalia the various members of both can be prepared from 
pectose, the most insoluble of the nontral bodies, 

‘These bodios exist together with cellulose in all the mom- 
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branes which have not undergone change into lignin or suberin, 
and by treatment of the cell-walls with various reagents they 
can be separated from it, Peetie acid does not usually exist im 
the free state, but as pointed out long ago by Payen is usually 
present in combination with calcium, as caloic 

Payen pointed out further that the so-called “middle 
Iamella” between contiguous cells is almost or entirely com- 
posed of calcic pectatc, and his opinion hus been endorsed by 
Mangin in the course of his recent work, Tt is easy to demon- 
strate that this layer, whatever be its origin, has not the some 
composition aa the rest of the coll-wall as it can casily be 
dissolved by reagents which leave the cells apparently intact, 
‘though isolated from each other. ‘The most active of these 
reagents is the a0-called “maceration fluid" of Schultwe, which 
consists of a solution of potassic chlorate in nitric acid. 

This difference of composition between the middle lamella 
and the rest of the wall has long been known. Before the 
name "middle lamella” was given to it by the writers of the 
time of Nuegeli and Sachs it was called “intercellular sub- 
stance” and was thought to be a kind of coment, bindiag 
contiguous cells together, 

Besides the middle lamella other modifications of the original: 
cell-wall have from time to time attracted attention. Chief 
among these we have the so-called “ intercellular protoplasm” 
of Russow, which he deceribed as forming in certain cases @ 
delicate membrane, or lining layer, couting the intercellular 

Busiow's opinion that this substance is protoplasmic 
hos been controverted by several subsequent observers, who 
have shown that it is much more probably a derivative of the 
cell-wall, “Schenck held it to be of the same general nature as 
the middle lamella, and Mangin has suggested that it is composed 
of a mixture of pectic bodies, including caleie poctate, 

‘The researches of Mangin have thrown a good deal of light 
upon the proportion of the neutral pectic bodies and the 
compounds of pectic acid which aro prosont in various esl 
walls In the young unchanged membranes there is little 
pectic acid while pectose is present in larger amounts, In older 
ceell-walls, especially in tissues in which intercellular spaces or 


a 
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‘passages have appeared the proportion of calcic pectate is more 
prominent, As said above the middle lamella is almost if not 
entirely composed of it, and it often collects over the surfaces 
of the intercellular spaces, being in such cases « continnation 
of the middle lamella of the wall which has split during the 
formation of the passage. 

‘Even the youngest cells can be separated from each other 
by the reagents which dissolve calcic pectate, ao that there is 
some reason to suppose that the cell-membrane is at no time 
absolutely homogeneous, but consists of a middle layer of calcie 
pectate, covered on both faces by a layer of a combination or 
mixture of cellulose and pedtose. As it grows, this layer of 
calcio pectate becomes more pronounced and prominent till it 
can bo mado visible under the microscope. This change rust 
be due to transformations which modify the composition of the 
Ie saat ne 
formation of the increased amount of calcio pectate, 

The mode of deposit of the calcio pectate over the surface 
of the intereollular spaces may perhaps aid us to form a true 

ion of what takes 

‘These pectates gradually tend towards the outside of the 
membrane, possibly passing as soluble pectic acid in its sub- 
stance and being combined with the metallic base et the 
‘external surface, or in the intercellular space, 

In the young growing cell, juat behind the zone of cell: 
division at the growing point, there is the maximum of turgidity 
or osmotic pressure, It is quite conceivable that in a cell 
abutting on an intercellular space this is sufficient to caus 
nm stream of soluble bodies to pass across the substance of the 
cell-membrane from within outwards. This then would lead 
to the extrusion of such soluble pectates or pectic anid ax 
may be present in the wall, Bodies of this series are not 
unlikely to be formed from the pectine or pectose in the 
membrane by tho notion of the dilute acid of the cell sap, 
‘or more probably by tho pectase which Bertrand and 
Mallevre have shown to be prosent in the apical region of 
the stem in many case Such a course of transformation 
is even more probable in the cells und cell-walls of the young 
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eaves, in which poctase is often present in very conkiderable 
amount, 

"The same consideration may be applied with even greater 
probability to the formation of the middle lamella, Where the 
cells do not abut on an intercellular space, but have their 
neighbours pressing upon them, as they have in the young 
port of the growing zone, whether of stem, leaf or root, any 
of their membranes will be subject to a pressure from cach 
side owing to Uke turgidity of tho contiguous cells, In this 
‘ease the stream of pectic noid or pectates would not pass out 
of the cell, but would tend to accumulate in the middle line 
Detwoen the two pressures, in the region, that is, where the 
middle lamella speedily becomes recognisable, 

Though the transformation of pectine into pectic acid under 
the action of pectase has not been shown definitely to be the 
cause of the occurrence of the middle lamella, which belongs at 
present rather to the realm of hypothesis than of fet, it is 
certainly supported by the distribution of pectase already 
established by Bertrand and Mallevre and quoted in the present 
chapter, They have found it moat abundant: where cell growth 
is most vigorous and the more rapid the growth the moro 
plentiful is the enzyme. They have found eight times ax 
much in the leaf-blade as in the petiole, and more than twice | 
as much in the apex of the stem as in the base. In the | 
corolla of Cucurbita, in which scarcely any thickening of the 
cell-wall can oceur, the amount compared with that in the: 
foliage leaf was ax 1: 45. 

‘The failure of a plant to thrive or even to grow beyond a 
slight extent in the mbsence of calcium may be partly connected 
with the saine series of phenomena. 
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‘A suggestion was made by a German chemist, Muller, that the 
action was probably due to « living organism, corresponding to 
the yeast of beer. ‘Two years Iter Pastour discovered such. a 
organism in certain specitnens of putrid urine, He described 
it as consisting of small spherical cells joined together in 
chains, ‘The cells were in appoarance n good deal like the 
cells of yeast but wore much smaller, On account of this 
resemblance the organism was originally named Torwla urea. 
‘Tt was studied with much care in 1864 by Van Tieghem, whose 
results were confirmatory of those of Pasteur, ‘The i 

was subsequently renamed Micrococeus urew by Cohn. It is 
composed of apherieal or globular cells whose mean diameter 
15; they are united together into long curved chains whi 
ate dispersed throughout the liquid as long as the fermentation 
proceeds. When it is over they sink to the bottom of the 
vessel and the chains break up, so that a sediment is com- 
posed of free globules or short chains, The cells show no 
graulation, their cell-wall is hardly to be distinguished from 
their contents, and they multiply for the most part by budding. 

Micrococcus ures can be cultivated most easily in urine, 
but it will grow in any nitrogenous fluid in which nen is 
dissolved, or in a solution of urea which also contains phos- 
phates, According to Jahsch it is capable of thriving without 
urea if other amides Gr peptones are present instead. 

‘The organism is aerobie. 

A peculiar feature of its life which was noticod by Van 
‘Tieghem is its power of thriving in strongly alkaline solutions, 
He observed a fermentation to continue until the liquid con- 
tained 13 per cent, of carbonate of ammonia, a concentration 
which would be fatal to almost all other forms of vexetable life. 

Van Tieghem has stated that this organism is eapable also 
of decomposing hippuric acid, which is so prominent in the 
urine of herbivorous animals, the products of the decomposition | 
being benzoic acid and glycin. ‘This process also is one of 
hydrolysis and may be expressed by the following equation 

CH, + (CH.NH, 
GINO, +H.0= {oon coor, 
Hippuric acid ——Mensoio noid" Giyoin 
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When hippurate of ammonia is dissolved in either yenst- 
‘water, or n solution of sugar which also contains phosphates, 
and is exposed to the air, a growth of the Micrococcus soon 
appears in the liquid, which quickly gives evidence of the 
decomposition just alluded to. 

‘Other organisms have been ascertained by Sestini to elfect 
the hydrolysis of uric wcid, the resulting products being oar: 
‘Donate of ammonia and carbon dioxide. 

‘This Micrococous is not by any means the only minrobe 
which has the power of decomposing urea. We owe to tho 
researches of Miguel and other writers a knowledge of many 
other organisms which can effect its hydrolysis, Some of these 
are ordinary fungi, but most belong to the group of the Selizo- 
mycetes or fission-fangi. Miguel has described seven spocies 
of Bacillus, nine Microcoeet, and one Sarcina, The Bacilli 
appear to act most energetically, 

‘The organisms are very widely distributed in nature, being 
found in the air, in spring and river-water, and in the soil, 
According to Miguel 1—2 per cent, of the bacteria present 
in tho soil and 15 per cent, of those present in cow-house 
manure, are capable of hydrolysing urea, 

The urea does not appear to be normally a nutritive sub- 
stance for the organisms, If other nitrogenous compounds, 
particularly proteids, are present in the solution in which thay 
fare growing, these are the sources from which they gain their 
nitrogen. In the absence of such compounds, however, they 
can use the nitrogen of the urea. 

‘The activity of the Torula or Micrococous urem hns been 
‘ascertained to be due to n soluble enzyme which under certain 
conditions can be extracted from the cells, ‘The enzyme, to 
which the name urease has been given, was first described by 
Musculus in 1874, When urine which was undergoing active 
ammoniacal fermentation was filtered throngh fine 
and the paper subsequently well washed and dried, he found 
that he could excite a similar fermentation by immersing 
Pieces of it in a neutral solution of urea, Mnsoulus tested 
the progrow of the fermentation by staining his paper with 
turmeric after treating it, ns alrendy described. After a short 
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etay in the solution of urea the turmeric became brown owing: 
to the alkalinity of the liquid. The same reeult was obbained 
when the paper was washed with strong alcohol before staining 
with turmeric. Under this treatment the induced fermentation 
could not be due to living cells loft on the filter-paper a these 
weould nob survive contact with the alcohol. Tn a subsequent 
paper, published in 1876, Musoulus desoribed the i 
of the enzyme from some highly alkaline urine which he 
obtained from a pathological secretion, He added aloohol in 
excess to euch urine and obtained a viscous precipitate con= 
sisting largely of mucin, derived from the walls of the bladder. 
‘When this precipitate was separated by filtration und dried, it 
readily yiolded to water a solution of tho enzyme which was 
extremely active, This solution when added to alcohol de- 
posited nn amorphous precipitate which possessed the power of 
setting up the decomposition of urea. Tho source of the 
enaymo in this onso was apparently the alkaline urine, nx 
Musenlus states his mucous urine did not contain any of the 
cells of the microbe, This does not however prove that the 
enzyme had any other origin, as they might have been present: 
in the bladder ander the pathological conditions existing. 

‘Musculus found that on acidifying the solution, the enayme 
was rupidly destroyed. 

‘The behaviour of the Microcooous was the subject of an 
exhaustive series of experiments by Sheridan Loa in 1885, 
‘He oultivnted the organism in urine until he hnd obtained ® 
large quantity which was exciting a very vigorous fermentation, 
when ho poured the whole into an excess of alcohol. A copious: 
precipitate was thrown down, consisting partly of the organism 
and partly of mincral and other matter contained in the uring, 
‘together with a sediment which was already existing in the 
fluid. The precipitate was thrown into a filter, well washed 
with moro alcohol and dried, A small quantity of the precipi= 
‘tate when mixed with a 2 per cent, neutral solution of wea 
and kept at 38°C, developed a strong alkaline reaction in a fow 
minutos and this was followed a little later by the evolution of 


Some of the precipitate was next extracted with water, and 
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filtered, The reaction of the filtrate was vory slightly alkaline 
but the liquid was cloar and limpid, On adding some of this 
‘to o quantity of the same solution of urea as was naed in the 
first oxperiment, the same sequence of phenomena occurred. 
‘The alcohol precipitate was in this way shown to contain an 
enzyme capable of hydrolysing ures and it wns found possible 
to dissolve it out by treating the precipitate with water, 

‘Lea claims to have been able to obtain the enzyme in an 
approximately pure condition by repeated solution of the pro- 
cipitate and reprecipitation by alcohol. ‘This treatment gradti- 
ally removes the salts which are prosont as well us the enzyme. 
So prepared he found it to be a white powder, amorphous in 
character, giving o clear solution in distilled water, which 
however always showed tho prossace of a trace of proteid 
matter when tested with nitric acid and ammonia, 

Lea's results confirm and extend those of Musculus, in so 
far as he shows that the enzyme ean be prepared from the cells 
of the Micrococcus, Tn Musoulus’ experiments he suys the 
cells were not present and the mucous urine itself was the 
source of the enzyme he obtained, 

Lea made a further series of experiments to soo if the 
enzyme is excreted by the Micrococcus into the urine or 
whether the normal action is intracellular, Musculus’ results 
wppear to indicate an excretion of the enzyme from the 
organism in the bladder, as it is bardly likely that the tissue 
of the latter produced it, 

In thesa experiments Len took quantity of natively 
fermenting urine and filtered it till it was free from sediment, 
‘The onganisine were left behind on the filter, vory fine paper 
being used and ench filter being composed of 12—16 thick 
nesses, The filtration was continued till no micrococci were 
visible under the microscope. ‘The perfectly clear filtrato was 
‘then neutralised by very dilute acetic acid, and after tho 
resulting effervescence had subsided, the remaining carbonic 
dioxide was extracted by exposure to a vacaum, ‘Two per cent. 
‘of urea was Uhun added to a measured quantity of the filtravo 
and the whole placed in a water-bath at 38° 0, A control was 
prepared by taking another equal quantity of tho filtrate with. 

20 
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‘out adding any urea. ‘This was placed in a similar vessel in 
the water-bath side by side with the first one. 
Both quantities remained nentral even after an exposure of 


six hours. 

Tn farther experiments Lea separated the organisms from 
the urine by filtering it through # porous earthenware eel, and 
found the same results as to the absence of the enzyme from 
the rine #0 prepared, 

‘A quantity of similar urine wos next filtered till free from 
cells and precipitated by the addition of an excess of aleghol, 
‘The resulting precipitate was soluble in water, but the solution 
failed to exert any decomposing action on a solution of urea. 

Lea thus failed to obtain any evidence of the excretion of 
the enzyme from the cells of the organism and came to the 
conclusion that its action was altogether intracellular, This 
result was antagonistic to that obtained by Musculus. Only 
two modes of reconciliation of the two seem possible, Hither 
‘Musculus’ urine must have contained some cells which escaped 
his observation; or the excretion from the organisms in Lea's 
experiments was only small and what ferment there was was 
destroyed by the alcohol used in the precipitation, Neither 
explanation seems very satisfactory. 

‘Lea came to the conclusion that the enzyme was incapable 
of passing oub of the cell during life, on account of the cellulose 
‘membrane surrounding it 

‘When the organism was killed by the alcohol and its 
protoplasm to some extent decomposed by the action of the 
roagent, the enzyme could be extracted by a solvent such aa 
water. 

‘This explanation, however, leaves us in some uncertainty, 
‘as the treatment with the aleohol does not dostroy the whole 
of the enzyme, nor does it modify the cell-wall, and it is hard 
to understand why if the ferment cannot pass the coll-wall 
during the life of the protoplasm it should be able to do so 
after its death, unless the latter modified the physical eha- 
meters of the cellulose membrane. It seems more likely 
that the enzyme is retained very strongly by the living proto 
pluem, as Buchner has shown to be the case with the enayine 
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producing sleohol, After death of the protoplasm it would be 
‘much more easily extracted, 

Miguel hus extracted the enzyme from fourteen different 
species of micro-organisms which present distinct morphological 
characters, and which are all capable of setting up ammoniacal 
fermentation, He cultivated each of them in peptone solutions: 
containing 2—3 grammes of armmonic carbonate per litre, 
‘Before inoculation with the microbe, the solutions were steri- 
ised by being filtered through porcelain. The cultures were 
continued for some days nntil the whole liquid had become 
turbid. ‘The peptone solution was then found to contain a 
quantity of the enzyme which had been excreted by the 
microbes. In his experiments Miguel obtained sufficient 
enzyme per litre of peptone solution to convert 60—80 
grammes of urea into ammonio carbonate in less than an hour, 

‘The optimum temperature for the working of urease Miguel 
found to be 50—55"C,, but even at this temperature the 
enzyme was gradually destroyed. At a tempemture near 0° ©, 
the solution of nrease retained its activity for several weeks; at 
‘75°C. it was destroyed in a fow minutes and at 80° C, almost 
instantaneously. ‘The organisms themselves were not easily 
killed, surviving an exposure for 2—3 hours to a moist 
tomperature of 95°C, Lea found his preparation of urease 
was destroyed on heating to 80—85° C, 

Bnfalini hy stnted that besides decomposing urca and 
hippuric acid urease is capable of converting asparagin into 
snecinio acid. 

Schmiedebung has fosnd an enzyme in the kidney of the 
pig which he says is concerned in the splitting up of hippuric 
acid, He has given it the name of hisozyme Whether it is 
the same as urease is not ot present determined, though it 
does not seem unlikely that they may be identical when we 
remember that Van Tieghem showed that Micrococous urem 
can hydrolyse hippuric acid as already mentioned. 








CHAPTER XIX, 
OXIDASES, ON OXIDISING ENZYMES, 


‘Tne general course of action of the enzymes which wo have 
dincursed ao far we have seen to be one of hydrolysis, or decoin= 
position of the bodies attacked by them after a ae 
taking up of water into their molecule, This is fairly satiifac- 
torily established with regard to most of the forments whieh 
play a leading part in ‘ive changes in both animal ax 
vegetable organisms. ‘The changes effected by the pro 
enzymes are not so clearly shown to be hydrolytic as are those 
brought about by ferments which nct upon carbohydrates and 
fats, but we have seen reason to believe that the course of 
is the same, ‘Tho reaction is evidently more complicated in the 
case of the clotting enzymes, and for the present wo most leave 
the matter doubtful so far as they aro concerned. | 

A few of the decompositions we have examined do not appear 
to be concerned with hydration, particularly the nection of 
rosin, and we shall see later that the alcohol-producing 
of yeast does not initiate such » process. is 

‘During the lust few yours tho existence of another class 
enzymes has been indicated, all of which act by 
direct oxidation of various substances, including various 
compounds and sugar. ‘These have beon called owidasee: 
are somewhat widely distributed, occurring in both the iT 
and the vegetable body, They have rcently beon termed — 
respiratory enzymes as most of those already discussed 
Deon culled digestive, 
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Laccase. 


OF these oxidases the earliest to be recognised was laccase, 
the body which is concerned in the production of Inequer varnish 
from the crude sap of the lac tree of South-east Asia, 

‘Tho oxistonoe of this oxidase was first pointed ont in 1888 
by n Japanese chemist, Yoshida, who investigated the Intex of 
thot plant» and first ascertained the nature of the changes 
occurring in the production of the varnish, 

‘The crude juice is obtained by making incisions Into the 
trunk of several species of Rhus, and collecting the viscous 
miatter which exudes, Tt has the appearance of a nearly whito 
creamy liquid, possessing  fiint odour resembling that of 
butyric acid. On exposure to air it rapidly changes colour, 
becoming brown, and ultimately black. Spread on a flat surface 
it dries with » brilliant black lustre. Tho juice is very diffi- 
cult to exporiment with, as it possesses a very irritating proporty. 
which affects the skin, causing painful eruptions and sores. 

‘Yoshida states that the juice, known by the name of urusli, 
consists in groat part of a peculiar acid, which he has called 
wwrushie acid, and to which he ascribes the formula C,Hy0,. 
‘Separated by appropriate methods from the crude latex and 
dried ot 110°C. it forms a dark, pasty substance, smelling of the 

riginal juleo; it is then soluble in benzol, ether, alcohol, and. 
carbon-disulphide, but is insoluble in water; it has a specific 
gravity of 9851 at 23°C. When exposed to the air it does 
not dry nor show signs of change such as the original Intex 
does. 

Besidles urushic acid, the crude up contains @ certain pro- 
portion of gum, and a varinble quantity, usually about 3—8 por 
cent., of m peculiar nitrogenous body, which congulates on 
heating to 63°C. If the latex is treated with excess of alcohol 
the gum and the nitrogenous constituent are precipitated, 
After filtration the latter can be separated from the former by 
the action of cold water, in which it dissolves, while the gum 
Bye ‘becomes swollen, 

‘The enzyme is associated with this nitrogenous constituent 
‘of the juice, If a solution of it is mixed with a small quantity 
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of free urushic acid, the latter is under certain conditions 
converted into the varnish, The change does not take place if 
the solution is heated to 63° C. 

The nature of this nitrogenous constituent haa not been 
clearly established, but it seoms to differ considerably from the 
proteids, containing a much smaller proportion of nitrogen, 
‘and more carbon than they do. Yoshida’s analysis of it gives 
C6344, H741, N401, 02204, Ash 12 in 100 parte, 

From his experiments Yoshida has come to the conclusion 
that urnshi juice consists essentially of four substances, viz. 
urushic acid, gum, water, and a peculiar enzyme, ‘The phe- 
nomenon of its drying is due to the oxidation of urushie acid, 

, into oxy-urushio acid, C,H,,0,, which takes place by 
the aid of the enzyme in the presence of oxygen and moisture. 

He supports this conclusion by two series of exporimante, 
which may be quoted here. 

‘A small quantity of the original juice was put into # covered 
beaker aud subjected to the regulated heat of a waterbath, 
the water lost by evaporation being subsequently restored. 
‘The heating was carried to different temperatures, and subse~ 
quently the heated juice was spread thinly over a glass plate 
and left to dry in a box the air in which was kept moist, In 
each experiment the juice was heated for 3j—4 hours, and the 
drying was allowed to take placo at a temperature of 20°C, 

‘The results were as follows :— 





Tomp, of exposure. ‘Time of drying. 
20° 0. 2 hours 
30°0. 4» 
40°C. 4b» 
55—59" 0. My 
60—63°C, Did not dry, 


Tn the second series of experiments he found thet unless 
moisture was prosent the latex did uot dry; that in moist air 
it dried in 4 hours, in moist oxygen in 2 hours, in moist 
or nitrogen it took 36 hours, and in moist CO, it was dry only 
after 2 days! exposure. 

It follows from these experiments that the euayme works 
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seis th Ones palate gages oe ties: 
oxygen and moisture aro both present; a rise of temperature 
above 20°C. is slowly prejudicial to it, and at 60°—63° C. it in 
destroyed. It may be noted that it is ab this temperature that 


exhibita all the properties of the Incquer varnish, 

‘The name laccase was given to the enzyme more than ten 
years lator by Bertrand, who made furthor investigations into the 
peculiar behaviour of the latex and who ascertained several 
additional fhets abont the enzyme. 

In the main he confirms the earlier work of Yoshida ag to 
‘the constituents of the latex. The body described as urushio 
acid he prefers to term Jaccol, but he has not examined it 
minutely on account of its deleterious properties, 

‘He prepared the enzyme by treating the latex with a large 
‘exoess of alcohol; this precipitated a gummy substance, which 
he purified by redissolving it after filtration, and again throwing 
it down by the addition of 10 volumes of alcohol, It separated 
‘out in white opaque flakes which yielded on hydrolysis o 
mixture of galactose and arabinose. 

The enzyme was extracted fro the gum by treatment with 
cold water. 

In the natural juice the Inccol exists in the form of 
an emulsion, which is probably due to the presence of the 


gum. 

‘The lacool remains unchanged if it is separated from the 
latex by solution in alcohol and kept from the air, If a little 
water is added to the solution in alcohol a white emulsion 
results, which keeps for a considerable time unaltered; but if » 
solution of Incase is substituted for the water, the resulting 
emulsion turns brown at once and rapidly becomes black, 
eapocially if air is udmitted, With « boiled solution of lnccase 
tno sch change can be observed. 

So fur as Bertrand has investigated the properties of Inocol, 
it appears to be allied to certain polyatomic phenols. On this 
account he hus examined the action of laccase on several of 
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the latter, especially hydroquinone and pyrogallol. When the 
former is submitted to its influence, the colour of the solution 
qnickly becomes rose-red, and after a short interval crystalline 
scales with » green metallio lustre spear, tee 
increasing. When this operation is carried out in m sealed tubo 

tho oxygen present is almoat completely absorbed. The liquid 
gives off « strong characteristic odour, und quinone can be ex- 
tracted from it by shaking it with ether atter removal of the 
solid matter. The precipitate is quinhydroue. 

In the absence of the Iaccase, the hydroquinone does not 
absorb oxygen, nor undergo alteration, The hydroquinone is 
therefore oxidised by the free oxygen under the influence of the 
Iaccase, according to the equation 

2C,H(OH), + 0,= 310 +2040 he 
Hydroquinone 


‘The colour given to the liquid fs due to the formation of the 
quinone. Some of the latter, combining with the excess of 
hydroquinone not oxidised, produces the less soluble erystals of 
quinhydroue. 

‘When pyrogallol is weed instead of hydroquinone. sitnilar 
results are obtained, a precipitate of purpurogalline being thrown 
down in the form of a powder which sublimes on hentings. 
forming orange-red needles which are soluble in alcohol and 
acetic acid, 

Laccase nttacks many other polyphenols, but chiefly these 
whose hydroxyl groups are in the ortho- and para-positions, 
‘The coresponding meta-compounds are affected only. with 
difficulty, ‘The oxidisability of these bodies by laccase seoma to 
dopend on the fasility with which they can be transformed into 
quinones. The monophenols are not oxidised by the enzyme, 
‘but it attacks gallic acid and tannin, 

Berirand’s observations on the behaviour of laccase at diffe 
rent temperatures do not agree with those of Yoshida, as he 
finds it still notive after heating it to 70°C. 

Bertrand has sought for laccase with some success in other 

and has indicated a rather wide distribution for it, In 
his researches he has employed the guaiacum test and appears 
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‘to a certain extent to rely upon this method of recognition. 
‘Thia ia unfortunate, as most invostigators do not find it give 
pees apne rent Ho says that an alcoholic tincture: 

‘gum guaiacum becomes blue in the presence of air and a litele 
Seay if much of the latter is present, it turne from blue tio 
green and subsequently to yellow. In most cases however 
hho has confirmed hia results by isolating the enayme and 
proving its presence by ite action. This is really tho only 
satisfactory method of demonstrating its existence, By the two 
methods oonjointly he has found laccase in the roots of the 
beet, carrot and turnip, in the tubers of the potato ond the 
Jorusalom artichoke; in the tuberous roots of Dahlia; in 
certain rhizomes ; in the frnits of the apple, pear, quince and 
chestnut; in the vegetative parte of lucerne, clover, rye-grass, 
and asparagus; and in the flowors of Gardenia, Tt may be 
propared from these sources by extraction with water and pres 
cipitation of the extract with alcohol, If the tissue is green, 
tho extract may be saturated with chloroform and allowed to 
stand for 24 hours to free it from the colouring matter, after 
which the precipitation by alcohol may be carried out. 

Rey-Pailharde has found Incouse in germinating saeds, 

iully of plants of the Leyuminowe. 

‘The nativity of Incense mppears to be associated in some 
way with the presence of manganese. Its ash always cone 
tains traces of an oxide of this metal, sometimes os much 
as 2 per cent. Bertrand states that the activity of a pre~ 
paration of the enzyme is proportional to the amount of 
manganese which is present, 

When prepared from Lucerne it is poor in this constituent, 

the effect of the addition of a salt of the metal can be 

easily studied, Bertrand describes typical experiment on 
this point, Ho gathered soveral kilograms of hucerne at the 
‘time of flowering and bruised them in a mortar, presiing out 
‘the sap, which was then saturated with chloroform and allowed 
‘to stand in the dark for 24 hours. The juice was next fillerod 
and 2} yolumes of aloohol added to precipitate tho Incase, 
‘The precipitate was taken up with a little waver, the solution 
filtered and the Iaccaso again thrown down by large excums of 
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alcohol, ‘The final precipitate was collected and dried in vacuo, 
Te contained a more tence of manganese. 

To 50c., of a solution of hydroquinone “1 gm, of this 
precipitate was added, and the whole was agitated for 24 hours 
in contact with air, There was then only a red coloration 
produced. ‘To a further quantity of 50 cc, of the hydroquinone 
solution ‘1 gm. of the precipitated Incease and 1 mgr. of man= 
ganese in the form of the sulphate were added together, and im 
Jess than 2 hours crystals of quinhydrone were formed. Tn the 
Jutter case there was an evident oxidation, much more extensive 
‘than after 24 hours’ agitation in the absence of the manganese, 

Tn an experiment so arranged that the absorption of axygen 
could be measured it was found after 6 hours’ agitation with air 
at 15° C. that with Inconse alone Zac. oxygen were taken up; 
with a salt of manganese alone ‘8 ee. were absorbed; bub with 
both presant together 6:3 0.0, of oxygon wore fixed. 

‘The manganese is thus seen to play a very active part in 
the ordinary action of the enzyme, No other metal was found 
to be capable of replacingy it. 

‘Manganese combined with various acid radicals was found 
in w further series of exporimonts to have o certain power of 
causing the oxidation of hydroquinone, the protoxide appoari 
to act as a carrier of the oxygen. Comparing the action of these 
salts of manganese with the conjoint action of manganase and 
lacease, Bertrand advances the theory that the oxidases may 
be conceived to be special combinations of manganese with 
certain proteid bodies containing acid radicals, the latter vary= 
ing with the particular enzyme. Tn such combinations the 
acid radical has just the necessary affinity to keep the metal 
inaolution, The work of conveying the oxygen is in 
opioion discharged by the manganese, while the proteid matter 
gives to the oxiduse its other characters, such as are made 
‘evident by the action of heat, and the various reagents used to 
identify it, 

Whether this hypothesis he accepted or not, the experiments 
show that Inccase is at any rate inch assisted in its working by 
the presence of manganese if its activity is not entirely de 
pendant upon its association with that metal in some form, 
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Besides the plants alrendy mentioned Incense appenrs to 
‘exist ina considerablo numbor of Fungi. Tn thoso plants the 
phenomena of oxidation are very prominent, and in consequence 
of this fact Bourquelot and Bertrand instituted in 1896 an 
investigation of them with a view to ascertaining whether 
Inccase or some similar enzyme plays a partin their metabolian. 
Aa in othor cases, at the outect these observers laid consider- 
able stress on the guaincum reaction, and they found that the 
liquid that ean bo expressed from many fungi very rapidly 
oxidises the tincture with the formation of » blue colour, but 
that it does not bring about this change if it is first boiled. 

‘The reactions of tho expressed juice with other bodies than 
tineture of guaincum leave no donbt that it contains the same 
principle as the sap of the lacquer tree. It causes the brown- 
ing of the Inccol prepared from the latex of Rhus; it yields 
crystals of purpurogalline when allowed to act upon pyrogallol, 
produces quinone and quinbydrune from hydroqninone, and 
gives a very distinct brown colour with gallic acid. 

‘The fungus which yields laccase ost readily i¢ Ruseula 
_fatens Pers, one of the Basidiomycetes, which is fairly common 
in woods during the summer, 125 grams of this fungus 
extracted with its own weight of chloroform water yielded 60 0. 
of n liquid which was at first pale yellow in colour, but which 
gradually reddened on exposure to air, When made to act on 
gullie acid in a closed flask which was constantly shaken it was 
found that the oxygen was gradually absorbed, 15 cc dis 
appearing during the frst hour of action, It gave also the 
reactions just described with laccol, pyrognllol, dso. 

‘When the extract: so prepared was boiled, it gradually lost 
ite enzymic powers. Bourquelot and Bertrand say howevor that 
it is more resistant to heat than most enzymes, and that to 
ensure complete destruction the boiling should be maintained 
for a short time. 

When the extract of Russula is poured into an excess of 
alcohol it yields only a small amount of precipitate, but this 
when separated off gives up the enzyme to cold distilled water. 
‘The precipitation of the laccase is not complete however when 
‘the extract is s0 treated, 
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A very Inrge number of species of Fungi have been ex- 
amined, chiefly belonging to the Basidiomycetes, more than half 
of which have beon found to contain Incoase, capable of acting: 
on the aromatic bodies mentioned. Of these the genera Russula, 
Lacturivs, Boletus, and Psalliota are tho most noteworthy. 

‘The Gasteromycetes as a rule contain little, if any, and the 
Ascomycetes and Myxomycetes so far as they have been ex- 
amined are free or nearly free from the enzyme. 

Besides working at the effect of Inccuse on the aromatic 
bodies as deserihed above, Bourquelot aul Bertrand investigated 
the nature of the changes of colowr which supervene when 
many of the fleshy fungi are cut and the damaged surfices 
exposed to the air. The tise of Boletus changes almost 
instantaneously under such conditions, assuming a blue 
colour, the depth of tint and rapidity of appearance varying: 
somewhat in different species, Zacteriua becomes violet when 
wounded, while Rvasula turns first red and finally black, 

‘Thore have been several theories as to the cause of this 
change of colour. Schoenbein noticed the phenomenon as long 
ago as 1856 and he attributed it to the action of ozone upon a 
particular chromogen in the fungus, saying that the latter also 
contains a substance capnble of transforming the oxygen of the 
air into ozone. In 1872 Ludwig made some investigations into 
the subject and confirmed Schenbein as to tho existonce of 
special chromogen in the tissue. 

In the light of the recent work on the oxidases Bourquelot 
‘und Bertrand wore led to the view that one of the latter probably 
4s concerned in the alterntion of the chromogens. According to. 
Schanbein there was evidently something concerned besides the 
chromogen, and in his opinion the work effected by the par 
ticular constituent in question was the transformation of oxygen: 
into ozone. Whatever it may have been it cooperated with the 
oxygen of the air in causing the oxidation of the chromogen, 
As this is apparently the part played by lacease in th formation 
‘of the lacquer varnish, it sooms probuble that Schambein'is 
hypothetical oxygen transformer was really an oxidising enzyme, 

Working on this hypothesis Bourquelot and Bertrand ear= 
ried ont the following experiment, A definite woight of Bobet 
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‘eyenescens Bull. wos extracted with boiling aloohol of 95 por 
cent, concentration, the fungus being cut up as far ax posible 
out of contact with air. ‘The extraction was continned for & 
(quarter of an hour, after which the liquid was cooled and filtered. 
‘The alcoholic extract wo proparud was faintly yellow in colour, 
a Se ee ee 
exposure, So propared it retained ita colour for a considerable 
timo, even when diluted with water and allowed to stand in 
contact with air, 

The investigators added to such an extract, diluted with ite 
own volume of water, a small quantity of the extract of Russula 
prepared ns described above, In half-a-mninute » purple colorn+ 
tion appeared which passed mpidly into blue, ‘The sime effect 
followed on the addition of a little laccase prepared from the 
Intex of the lacquer tree, If the enzyme was added slowly 
‘without agitation the tint wns seen to be assumod gradually, the 





Hence Bourquelot and Bertrand infor that the oxidase which 
can offtet these changes is identical with the Inecase of Rhus and 
other plants, and that in addition to acting on aromatic bodies 
such as hydroquinone and pyrogullol it also nists to oxidise 
the chromogens of certain fungi, especially those which yield 
fa blue of a red colouring matter, Tho lacus exints im the 
juiow af the fungi side by side with the chromogen, but whon 
Hi ek i ‘boiled before exposure to tho air has taken place 





pulps, and blood of certain molluscs. 


Tyrovinase, 


In other Fungi thore are different chromogens which do not 
warn blue on exposure to air but become red and finally black. 
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black colour is almost insoluble in aleohol, but after the fungus 
has been boiled with this reagent it can be extracted from the 
residue by subsequent maceration with boiling water. When 
such an extract is treated with a little fresh cold water extract 
of the fungus, or a piece of the tisaue is added to it the liquid 
turns red and after a time black, If the chromogen is extracted 
from the fungus by boiling water and rapidly pressed and the: 
exnded liquor filtered and concentrated to a small bulk, it 
deposits colourless needle-shaped crystals, usually collected 
together into spheres, They aro not soluble in aleohol nor 
readily in cold water but they dissolve freely in hot water, 
‘They have been identified by Bertrand with tyrosin, 

Bertrand has observed the same general course of behaviour 
with the expressed juice of the roots of the beet, the tuberous 
‘roots of the dablia, and the tubers of the potato. In these cases 
also ho has identified tyrosin in the tissues. 

The similarity of behaviour to that observed in the cnses of 
Boletus, Lactarius, &e. points to a similar cause of the change 
of colour, Laccase however has no power to set up the black- 
ening, Nor will simple oxidising agents bring it about, Bertrand 
asserts that it is an oxidation process dua to the presence of a 
special oxidase, and he has named the enzyme in question 

imase, 

If a little of the cold water extract of Russula nigricans is 
added to a solution of tyrosin, the mixture becomes at first rvd, 
and subsequently assumes an inky blackness, while finally a Black 
amorphons precipitate settles out. If this is carried out in a 
glass vessel without agitution the colour first appears at the 
surface of the liquid. Tf it is conducted in @ closed yossel from 
which air is excluded the change of colour does not take place, 
Nor ia the change induced if the extract of the fungus is boiled 
before being added to the solution of tyrosin. In w closed 
vessel in the presence of air, the wbsorption of oxygen ean be 
awasured coincidently with the blackening of the liquid, | 

‘Tyrosinase can be extracted not only from Russula, but 
from tho dahlia and the beetroot, It is immaterial which of the 
three serves aa the source of the oxidase as the effect upon 
the tyrosin is the same in all cases, Russula appeurs to 
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contain it in Cor See ‘The same mode of extraction 
can bo employed with oither material. 

Tn some species of Russula the two oxidases so fir discussed 
exist side by side. Bertrand has soparated them by the 
following treatment. One and a half kilogrammes of freshly 

Russula delica ‘was reduced to pulp and macer- 
ated for half-an-hour with its own weight of chloroform-water 
‘at the onfinary temperature. On prossing it, about 2 litres of 
‘a. mucilnginons fluid wna obtained, to which 8 litres of 95 por 
cent. alcohol were added, A precipitate fell which was fil- 
tered off, The filtrate was concentrated to half a litre by 
distillation at 50° C, in vacuo, and when so obtained was found 
to be capuble of ucting with considerable energy on pyrogallol 
and hydroquinone, but to have no effect on tyrosin; it con- 
tained therefore only Iaccasa, 

‘The precipitate was washed with 200 oe. of chlorvform 
water and when it was well swollen up, forming’ somi-eolntion, 
it: was precipitated by addition of 400 cc, of aleohol and pressed 
dry, It was further purified by a repetition of this treatment, 
Dried at 35°C. it weighed about 7 grms. This precipitate 
yielded to cold water aftr some honrs’ maceration, a principle 
Which oxidised tyrosin rapidly, but had hardly any perceptible 
action on either hydroquinone or pyrogallol. 

‘Tyrosinase is destroyed at a much lower temperature than 
lncease; itis injured at about 50” C. and perishes xnpidly at higher 
points, It ix possible to prepare Incase alone from a mixture 
of the two, by heating tho liquid containing them to 70°C. It 
then oxidises hydroquinone, but is without action on tyrosin. 

Bourquelot has recognised tyrosinase in many genera of 
Fungi, among which may be mentioned Boletus, Russula, Lacta- 
vius, Pazillus, Coprinus, Pealliota, Hebeloma, Photiota, Collybia, 
Chitooybe, Tricholoma ond Amanita; in all these it is associated 
with Inecaso, but in the caso of Amanita, the latter enzyme is 
present only in small quantities, 

Besides oxidising tyrosin, Bourquelot has found tyrosinase 
to act on wll-the cresols, resorcinol, guaiacol, metatoluidine, 
xylidine, ortho, meta-, and para-xylenol, thymol, carvuerol, and 
and 8 naphthol, 
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‘He has noted a further peoulivrity in its bebnviour in that 
it is effective when dissolved in a mixture of water and either: 
ethyl or methyl alcohol, provided thnt not moro than 0 pee 
cont. of the spirit ia prosont, The alcohols themselves mre not 
affected by it. 


Bvoxyilase. 

Anothor of these oxidising enzymes has beon discovered tio 
play a prominent part in causing a particular disorder in cortain 
‘wines to which the name "easse" or “cassurs” has been applied. 
AAccortling to Boutlanl a wine affected in this way loses ite 
charuoteristic colour, and after 9 or 4 hours it contains a rede 
brown precipitate, If the wine is at rest the decoloration 
ogins at the surface, whore a thin pellicle of colouring matter 
forms, and the disturbance gradually spreads to layers deeper _ 
and deeper in the liquid, until at last the walla of the veavel 
re covered hy adherent matter, and the liquid is almost do 
colorised, assuming a moderately characteristic yellow tint, 
‘The deposits are formed of the colouring mattor of the wine, 
and are insoluble in solutions of tartaric acid, even if concen. 
trated, ‘The changes are not attended by any evolution of gas, 
Bouffard says that such wines can be preserved from the diss 
order by heating them to 60°C. or by the addition of tenoes of 
salphurous acid, ‘The change is not due to bacterial action, for 
it is not hindorod by filtration through porcelain, nor by the 
nddition of reagents which are fatal to microbes, such as salicylic 
acid or bichloride of mercury. 

Gouirnnd has shown that this change is due to some principle 
which exists in the wine itself, He took some samples of 
affeoted wine and after filtering a quantity through poreelain, 

a large addition of alcohol threw down a precipitate of a floceu- 
lent charactor, When this was collected and washed, « small 
quantity of it added to sterilised sound wines very spocdily 
produced the disorder. -_ 

‘Phis substance is decomposed by heating. In some of 
Gouirand’s experiments he treated samples of sound wines 
‘with a small quantity of it, and dividing them into two parte, 
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he heated half to 80°C. a pesodsvarging fom 18013 bos 
while 


eee ras bh atid ty beet OS 
wines were precipitated by alcohol in the 

fect Blac fui ees ee, 
setting up the disordor when added to other asmples, 

‘Martinand hns ascertained that this substance is present in 
ipo grapes, An extract of these gives all the reactione of 
Inooaae, oxidising hydroquinone, pyrogallol, &e,, but it loses the 
power of producing these changes if heated to 100°C. If 
however thore ix added to the extract, after cooling, a little of 
the precipitate yielded when the juice of fresh grupes is tronted 
with « largo excess of alcohol, it regains the power. ‘There is thus 
‘present in the grapes themsolves as in the wine prepared from 
them, a certain amount of this oxidising substance, which from 
‘its behaviour must be classed with Inccase and tyrosinase, as 
‘on oxidising enzyme. 

Tho vame amazydage has been given to this body, Tt ap- 
pears to resemble laccuse very closely but it is not certain 
that it is identical with it, 

Martinond has proved it to be prosent in other fruits 
‘than grapes; plums, pears and apples expecially may be men- 
tioned. It uppears to develop with the ripening of the fruit, 
unripe grapes containing very little. A good denl seems to be 
lost in tho preliminary processes of wine-making, wine itaolf 
containing relat an little, when compared with the freshly 
expressed grape: 

estan Aa has tho Giosfdee aa be ety fe 
wine by shaking it with ether, which takes from it m body 
having some of the properties of tannin; this becomes olive- 
green or yellowish-brown on tho addition of ferric chloride, is 
‘tured red by alkalis, and gives a white precipitate with 
albumin but nob with gelatin, After the wine has undergone 
oxidation, most samples do not give up this body to ether, and 
many others yield only very small quantities of it. 

ar. 


1 


322 OXIDASES, OR OXIDISING ENZYMES. [ou 


Wine treated with ether in this way, and kept neutral, ig not 
subject to self-oxidation, We may therefore infer that the 
enzyme is possibly associated in the wine with thie body 
which is soluble in ether. 

Martinund finds that the oxidase is destroyed when ite 
solntion is heated to 72° and kept at that temperature for four 
minutes, Exposure to 55°C, for 14 hours is also fatal to it. 
Totermediate temperatures bring about the same destraction 
after intermediate times of exposure, 

Bouffard has observed that the temperature of destruction 
varies a good deal under different circumstances. He has found 
that wines beginning to be attacked with the disorder have 
been completely preserved by being heated to 60°C., and that 
warming them only to 55°C. materially helps them to resist it, 
‘He has further extracted normal wine by the aleohol mothed 
and side by side with it samples of the same wine after 
heated to 60°C, The precipitate in the latter case had no 
oxidising power, while that in the former was very active. 
Further investigation showed him that the nature of the 
medium exorcised a gront influence on the destruction, When 
the enzyme was heated in an aqueous solution of nentral re- 
action it withstood all temperatures below 725°C, but when 
10 per cent, of alcohol or °S per cent. of tartaric acid was present 
destruction was completo at 52:6°C. If double these percent 

of nlechol or acid wore present, the temperature necessary 
Per dstracles was reduced 5°C. He agrees with Martinand 
however in saying that it can be destroyed by prolonged heating 
in noutral medin at 60°C. 

i the nction of various reagents upon cenoxydaao, 
Bouffard has ascertained that it is destroyed by the action of 
very dilate sulphnrous acid, the necessary amount being “02 
grim. per litre of the solution of the enzyme, 

Cazeneuve hns extructed the enzyme from unsound Baws 
jolsis and examined many of its propertios He precipi 
tated the wine by excess of strong wloohol and found the 
deposit was of a gummy consistency. He tok up the 
gummy precipitate with water and reprecipitated it with 
Alcohol, collected the deposit rapidly and dried it in yeu 
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He found the precipitate chiefly gum, imprognatod with 
beatin 


most respects Cazenouve’s results agree with those already 
Se but ho finds furthor thot it nts slightly om alcohols and 
ethers and on the essences which give wines their 
bouquet. In its action on the wine he observes that it canwes 
‘a disengagement of carbonic dioxide, and that after its action 
there is a diminution of the quantity of aleokol und acid, 

He attributes the noticenble effects produced to the action 
of the enzyme on the tanning. As stated above Martinand haa 
shown that if these are removed by ether the disorder of the 
wine does not occur. Whether this is due to the removal of 
the cenoxydase with the tannin or to the abstraction of the 
latter only seems uncertain, 

Cazcneuve further establishes a fact which Indicates 
‘that the disorder is due to the enzyme, He has submitted 
sound wine to the influence of a current of oxygen for some 
time and also to the action of ozone and he finds that neither 
process causes Ia ensse,"” 

‘The enzyme can be preserved unchanged for some considers 
able time if dissolved in wenk alcohol or in wine which does 
not contain more than per cent. of spirit, It is however rapidly 
altered by strong alcohol. 

Laborde has suggested a different origin for anoxydase. 
He finds the fungus Botrytis cinerea grows freely on grapas 
and on sterilised wine “must,” and an investigation of its life- 
history has shown him that it normally eecretes the 
In his experiments he employed a evltare fluid in which this 
Botrytis had been growing freely and he compared the action 
of this liquid before and after boiling it. In the first case he 
mixed a certain volume of the culture fluid with an equal 
‘quantity of a perfectly sound wine and kept it in contact with 
the air for 4 hours at the ordinary temperature. At the expira- 
tion of that time all the colouring matter had been precipitated. 
When bo boiled the culture medium before adding it to the 
wine no such change took place. 

Laborde found that the oxidising power of the enayme ns it 
existed in tho mixture of the wine and the culture medium was 

a2 
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destroyed by heating the Iatter to 70°C, If no wine was 
present it would resist even u higher temperature than this 
He has given the following table to show the effect of gradually. 


heating the culture-medinm alone. 
60°C. destroys about half of the oxydasio power. 
ie Oe two-thirds i x 
OQ 4 founfifthe =, 
a ‘the whole ” 


‘The oxidase is slowly destroyed by ubsorbing oxygen, losing: 
about half its power in two days and nearly all in twelve days. 
‘The destruction is greater in proportion during early than Inte 
periods of oxidation, 

‘The fungus contains most oxidase when it is in full fructifi- 
cation, 

Tt was mentioned above that Martinand had found cnoxy- 
dase in the juice of apples, pears and plums. Either the 
same enzyme or a similar one has been desoribed by Lindet us 
causing oxidation of the tannin in the cider-apple. If slices of 
apple, or a mass of the pulp, or sterilised sponges sonked in the 
expressed juice are placed under a bell-jar over mercury, the 
material rapidly reddens, and there is a simultaneous absorption 
of oxygen and an evolation of carbonic dioxide. ‘The phenomena 
are the same if the juice in which the sterilised sponges are 
soaked has been filtered through porveluin, or if antiseptios "are 
added, so that it is evident that the changes are not due to the 
prosence of micro-organisms. If boiled juice is used, ib remains 
uncoloured and there is no exchange of the gases mentioned, 

‘The juice may be precipitated by aleohol and the precipitate 
collected and washed in the usual way and it is then found to 
bbe capable of setting up similar changes in boiled juice, 

Tt is of course n common experience that the behaviour of 
the pulp of a raw apple on exposure to air is very different from 
that of a cooked one, The latter remains uncoloured, while the 
surface of the raw pulp soon turns » reddish-brown, particularly 
if it is unripe. 

Lindet holds that the enzyme attaches itself to the tannin, 
nnd osplains the change of colour seen on wounding the frait 


“bouquet” of difforent wines have been generally associated 
with peculiarities of the fermentations induced by the different 
‘yeasts employed, Recently ‘Tolomei has forward 


oxidases which can be extracted from the yeasts 

Ho first demonstrated the existence of oxidases in yeast by 
cultivating im sterilised wine must, « crop of 

that had originally developed in muscatel grape 

juice. ‘Afar a Sow days there wer a coeeliecablegmwis of tie 
‘and he separated it from the must and exposed it to 
the air. After a time he extracted it with chloroform-water, 
and found that the liquid then contained an oxidase which gave 
Bertrand’s reactions for laccnse. He obtained similor revults 
with 8 cerevisiag, and S apiculatus, Tn the ease of the former, 
‘a young beer-yeast was suspended in a solution of glucose, and 
an Tittle alcohol was added; the whole was then kept at 0°, for 
8 days, and was finally filtered through porcelain to free it from 
yeast-cells, It was found to absorb oxygen from the air and to 
give off carbon dioxide, and tw form sulphuretted hydrogen 
when in contact with sulphur, If heated to 72°C. it logt all 
these properties When alcohol wax udded to the liquor a 
precipitate fell which contained the oxidase, and when a little 
‘of this precipitate was added to some of the original liquor that 
had been sterilised by heat, it restored to it the propertion 
which had been lost during the sterilisation. 

‘Tolomei showed further that the bouquet of muscatel wine 
wax caused by the oxidase of S. ellipsoideue. He oxtracted some 
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of the enzyme from this muscutel youst, and added it to an 
ordinary white wine, wt the saine time exposing it to the air 
‘The wine acquired « museatel bouquet which it did not pre- 
viously possess. 

Jaoquemin attributes the development of the special 
bouquets of wines to the prescnco of certain glucosides in 
the gmpes. He says that these are present also in the leaves: 
of the vines, and that if these organs or extracts of them 
containing the glucosides are added to the muh te 
ation being subsequently carried out with pure yeasts, the 
various flavours and bouquets are acquired by the fermenting 
liquids, He attributes the transmission of these features 
therefore to the secretion of glucoside-splitting enzymes and 
nob oxidases by the yeasts. 

Buchner also says that beer-yoast contains an oxidase, to 
the action of which he attributes the fact that an extract of 
‘this fungus turns brown after a prolonged exposure to the air, 

Effront has observed a consideruble absorption of oxygen 
by yeast when it was finely fragmented and subsequently 
exposed to the air, The absorption was accompanied by a 
sonsible increas of temperature. Eftront suggests that the 
phenomenon is due to the action of an oxidase. 

Bréaudat has recently found an oxidase in the leaves of 
Joatis alpina and other indigo-yielding plants. As already mon= 
tioned in a preceding chapter the formation of indigo involves 
the decomposition of a glucoside, indicun, which is effected by. 
ferment resembling emulsin, ‘The products of this decom- 
position are indigo-white or leuaindigo, and indigluoin, which is 
asugar, The indigo-white is converted into indigo-blue by an 
oxidase which is present in the leaves. Bréaudat says that it 
acts most advantageously in the presence of a weak alkali such 
ns lime-water, The alkali alone does not produce the effect. 

‘Tolomei has found an oxidase in ripe olives, which appears 
Ae slash ol ving vies to oles, soaks; wid ebay 
Bouffard and Semichon state that purple grapes contain an 
oxidase which in the presence of a current of nir oxidises and 
procipitates the colouring matter, so that white wine can be 
prepared from the juice. Lepinois has found a similar body in. 
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the expressed juice of aconite and belladonna which dostroys 
the ‘matter, Boutroux says that the colour of 


extract (Griiss) in the leaves of Corchorus (Khouti), He 
{Yada Dips (Breouanoes an Jeanne, Pte (Goma) in 
the Intex of Schinus molla (Surthou), in the root of Faleriana. 
officinalie (Carlos), and in the Coli bacillus (Roux) Woods 
attributes the changes in the chlorophyll of leaves to the 
same Cause, 


Animat ovidases, 


Ossidlative processas have long boon known to take place in 
blood when shed and exposed to the air, Claud Bernard first 
pointed out that under these conditions suger disappeared, and 
is results have been confirmed by many subsequent observers. 
Only within rvcent years, however, hus it been suggested that 
this disappearance of sugar is duo to the action of an enzyme, 
but this view is now put forward by several obsorvers. 
Lepine and Barral in 1890, in the course of an investigation 
into the changes taking place in ugar in the blood, found that 
glycolysis could be detected nfter blood had been shed, and that 


Physical condition of the fluid was not uppreiably: different 
at this point fom what it was at 52°C. when glycolysis was 
very evident, Lapine and Barral found farther that the blood 


vessels 
fibrinated it. Maintaining it then at 10°C. for several days, 
with antiseptic precautions, it continued to lose sugur. 
other , he showed that glycolysis took place 
serum, in oxalated plasma free from corpuscles, and in blood 
diluted with sevoral volumes of water, He found that freshly- 
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drawn blood showed compamtively little glycolytio power, bus 
that it was developed on standing for some tine. 

‘These experiments are strikingly suggestive of the presence 
of an oxidase; the process shows a minimum paint of activity. 
at 0°C,, an optimum at 40°—50°C, und a maximum one at 
54°C, Tes gradual development is remarkubly like that of the. 


in 1602 by Regen, who found that the dissppearaned OE Atl 
‘sugur was not: influenced by the presence of chloroform. This 
reagent prevents the action of living cells and micro-organisms, 
but does not inhibit the work of enzymes. Seegen found that 
the exclusion of bacteria by other means did not prevent the | 


Both Seegen and Arthus suggested that the enzyme was 
formed in consequence of post mortem changes taking place in 
the blood. Arthus held the souree to be the white corpuscles 
or leucocytes. Lepine and Baral found they could extract if 
from the corpuscles in greater quantity than from the serura, 

Further experiments made by many observers have shown 
thot the power of destroying sugar is not confined to the blood. 
Lepine found that the removal of the pancreas of the dog was 
followed by an intense diabetes, the ratio of sugar to uren in 
the urine increasing enormously, He at once associnted the 
‘pancreas with the secretion of an oxidase, In its absence, sugar, 
which would in the general course of events be destroyed in 
the blood, pnssed out of the wystem in the urine. This view 
was supported by the observation already quoted, that the 
destruction of sugar in the portal vein is much greater than | 
in the splenic, Lepine found further that the chyle, which 






4 marked reduction in the suger in the living blood, oTTNa! 
addition of ehyle to a 1 per cent, solution of glucose kept 
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‘in vitro at 38°C, caused a decided reduction of the amount 
of tho sugar. 


Lepine ond Barral in a subsequent paper stated that, in 
the cases of both blood and chyle, the glycolytic power was 
eS a a ee 


of carbon 

Lepine subsequently carried out a sories of researches on 
‘the pancreas of the dog, which confirmed his view that the 
‘secration of a glycolytic oxidase is one of the functions of that 
organ. He ground np the pancreas, with aseptic precautions, 
Resaslalaie athens pectrelitoe inaibcag aaa eae 
for two to three hours at 38°C, in water containing “2 per cent. 
of a mineral acid, and then neutralised the extract with sodium 
hydrate. To 100 cc. of the resulting liquid he added half a 
grmme of glucose and digosted it for an hour at 38°C, Ina 
series of such experiments he found thers was a disappearance 
of sugar, ranging from 10 to 50 per cent. A fresh pancreas 
‘similarly extracted with water instead of dilute acid, yielded an 
extract with very little glycolytic power, Lepine infarred that 
a glycolytic enzyme could be prepared from the tissue he 
used, jast a8 similar treatment yields trypsin from the same 
and, 

Ki ‘He supported his hypothesis still further by an exporimont 
in which he compared tho glycolytic power of the blood leaving 
the pancreas during active secretion with that 

‘it when the gland was at rest. He found that during the 
secretion caused by stimulation of the vagus, blood drawn from 
the pancreatic vein possessed little glycolytic power, but. that 
the latter became considerable in the blood from the same vein 
during the hours immediately following the cessation of the 
secretion, 

‘The work of Abelous and Binrnés, carried out in 1894, has 
advanced our knowledge of this enzyme still further, These 
site em pron piptegaertes aa iat Lear 
aldehyde, This body was not oxidisod to eid by 
the air, nor by distilled water, nor by normal saline solution 
(«solution of sodium chloride containing ‘6 per cent. of the salt). 
Bat when defibrinated blood, or blood-seruza was added to the 


—— 
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aldehyde and the mixture kept at a temperature of 97°C. 
salicylic acid was formed, Tho oxidation was found to vary 
in amount with the blood of different animals, 

Adelons and Biarnés, following up Lepine’s work on the 
‘panereas, looked for the presence of glycolytio power in other 
tiasues, ‘They found that it was manifested also by the testes, 
the thyroid glands, the liver, kidnoy, lungs, and spleen. 

Spitzer has still more recently confirmed the statements of 
previous observers, but he originally opposed the view that the 
oxidation is duo to the action of an enzyme, comparing if pre= 
forubly with the oxidation produced by hydrogen-peroxide ‘and 
other oxidising agents. 

In a paper which appeared in 1897 he published the 
result of some researches on the oxidative powers of various 
tissues, estimating their capabilities by measuring the quantity 
of oxygen they could liberate from hydrogen-peroxide. In 
some eases hu also ascertained the quantity of salieyl 
which they could convert into salicylic acid. He found the 
tissues could be arranged in this respect in an order differing 
but little from that published by Abelous and Biarnés. Spitzer 
thas stated more recently that he has found them capable of 
converting amonious into arsenic acid, 

Spitzer made a very important advance by ascertaining that 
these different tissues owed their oxidising powers to nucleo- 
proteid substances which they contained. He was able to 
prepare nucleo-proteids from every tissue which he found capable 
of inducing glycolysis, and he ascertained that the oxidative 
energy of @ tissue was proportional to the amount. of nucleo~ 
proteid which it gave up to an appropriate solvent. He found 
farther that these compounds showed the same peculiar relation 
to temperature a5 the original organs exhibited, and that they 
‘were affected in precisely the same way by various antiseptios 
and poisons. 

Seegen attributes the glycolytic power of the blood to w 
similar substance, 

Jaquet, and Salkowski and Katsusaburo Yamagiwa have 
confirmed the results of the investigators quoted and have 
concluded from their own researches that the action ix due toa r 


be 
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soluble enzyme which is destroyed by boiling und by prolonged 
contact with alcohol, 


‘Hammarsten has stated that the gastric mucous membrane 
eae weet iret carts Fis 0 — 


besides one or two other species, Tb has many points of 
resemblance to Inccase, especially with regard to ite action on 
hydroquinone, ‘The authors eay that if one of the gills or a 
piece of one of the labial palps of any of these mollusca is 
warmed to 50°—60"C. in a solution of hydroquinone of 1 por 
atk iocenadn a our af quinone’ oben detaes el 
the Liquid is subsequently concentrated by evaporation, 
of quinhydrone are deposited over the surlice of the tise, 
‘The oxidase can be extracted from the gills or the labial 
palps of the animals by chloroform-water, or by solutions of 
sodium fluoride or of salicylic acid, and ean be precipitated from 
its solvents by excess of uleohol, Tt is active in either neutral 
‘or faintly acid media, Like lacease it docs not decompose tyrosin. 
Some observations of Abslous and Gérard call for notice 
hero, as indicating possibly the existence of anzymes poswusing 
the powar of obtaining oxygen from somewhat stable compounds 
instead of utilising the free oxygen of the air. Many observers, 
among whom may be mentioned Gautier, Bokorny, Ehrlich, and 
Binz have shown that various animal tissues have reducing 
properties, being uble to convert alkaline nitrates into nitrites, 
Abelous and Gérard have examined various organs of the horse 
from this point of view, and find many of thom possess this 
but to different extents. They arrange the tissues in 
the following onder; liver, kidney, suprw-renal capsules, Tung, 
testicles, intestines, ovary, sub-maxillary 
sploen, striated muscle, brain, An extract of these 
prepared with either water or plycerin, in the presanco of 
chloroform, and filtered till free from all traces of cells, when 
mixed with a solution of nitrates and allowed to stand for some 
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parting with a portion of its oxygen. Ho said further that if it 
‘were posible to racombine these two sobstances, alcohol and 
carbon dioxide, sugar would again be formed, 

‘Though the methods of analysis used by Lavoisier were 
imperfect and his figures wore inaccurate in consequence, we 
mow that his general conclusions were sound. About the 
year 1815 analyses by Gay-Lussac, Thénard and de Sanssure 
fixed definitely the composition of sugar and alcohol, These 
‘more accurate analyses confirmed Lavoisier’s position, but re- 
vealed a diseropancy which for » long time remained unexplained, 
Computation of the composition of eane-sugar bused upon the 
‘weights of carbon dioxide and aleohol formed during its fermen- 
tation, pointed to its having the formula O,H,.0, (taking the 
modern valnes of the atomic weights) the decomposition being 
-capable of expression by the equation 

CH yOe= 2C,H,0 + 260,, 
‘The analyses made by Gay-Lussac and ‘hénard of cane-eugar 
itself, demanded the formula C,H,O,, These authors were: 
unable to account for the diserepuney except on the assumption 
that the analyses of the sugar were not quite accurate, Dumas 
and Boullay suggested as a more probable explanation, that 
the fermentation was accompanied by the absorption of water 
before or at the same time as the splitting of the sugar. ‘Thus 
the equation representing the reaction would become 
OHO, + H,0 = 40,H,0 + 400,. 

‘Vory shortly afterwards the discovery was made by Dubrane 
faut that before cane-sugar could ferment it became transformed 
into another sugar that was not crystallisable, and Biot showed 
that undor tho action of weak acids it became decomposed into 
two other sugars, now known as glucose and fructose. 

Bortholot was the first to show that besides inorganic 
reagents an enzyme posseseos the power of bringing aboat thik 
transformation and that the living yeast-cell forms this onayme, 
already described in m proceding chapter sndes Ciaran 
invertase, 

The fermentation of canc-sugur has thus been proved to 
take pluce in two stages; in the first it is aplit up 









Fee | _ 


hes we are indebted for our knowledge 
ant. of the cune-sugar used in» formen- 


« represented the reaction rather ditforently 


68,0 = 2C,H,0,+ 12C,H,0, + 4CO, +0, 
o this hypothesis the change is associated with 
1 smnall quantity of oxygen, « fact the im= 


din amall quantities daring alcohol fermentatio. 
tos that ite presence is constant, but that’ the 
02 pe cok ot the ig sind 
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‘The amounts of all these less prominent constituents seem 
to vary a good deal under different conditions of fermentation. 
More succit produced when the operation is slow 
than when it is rapid. ‘The different kinds of yeast show 
considerable differences among themselves with rogard to these 
various products, Indeed the latter seem to be more closoly 
related to the biological work of the cells than the ethylic 
alcohol, the appearance of which is the most conspicnous feature 
of the process. relation of the aleohol to the ordinary 
metabolism still remains a subject of discussion, 

We have seen that for a long time alcoholio fermentation 
was associated only with cane-sogar, Much light has boon 
thrown upon the composition of various sugars in recent years, 

ly by the researches of Emil Fischer, Without entering: 
favo details, which would be beyond the scope of the present 
work, wo may divide the sugars that are of general ocourrenoe 
into two main groups, the simplest of which have the empirical 
formula CyHaOq, the value of n in those known up to the 
present ranging from 2 to 9, ‘The members of the other group. 
are more complex, being theoretically composed by the eom= 
bination of either 2 or 3 molecules of a hexose with elimination 
of one or two molecules of water, ‘Thus we have cane-sugat 
CyH.0,, corresponding to 2(C\H,.0,)— H,0, and raffinose, 
CyHHyOy, represented by 3{C\H;:0,)— ir ‘This group is 
generally known as the polysaccharides. 

"Tho sugare which are fermentable appesr to belong embirey: 
to tho first group and to be represented especially by the hexoues 
QyEyO,. Some of the others are however capable of ferment- 
ation, but only those in which the valuo of n is divisible by 3 

Certain of the polysnccharides appear at first sight to be 
fermentable, particularly cane-sugar and maltose. Tt has been 
found howover by Fischer that they are not directly attacked 
by the alcohol-producing principle, but undergo u pr , 
hydrolysis with the consequent formation of hexoses, We have 
oon that this fuct was established for enne.sugar by Dubrumfant 
‘and later by Berthelot. This sugar by the action of 
yields glucose and fructose, Similarly each molecule of. 

‘is converted by hydrolysis into two molecules of glucoae; lac 












cane-sugar 
products to undergo alcoholic fermentation. 
differs in not attacking maltose, while S. 
not ferment either of them. Other organisms have 


As the fermentation of sugurs by youst is thus seen | 
function of the living cell, everything that affects th 
the latter has « certain influence on its fi 
Substances which serve as food fur the youst promot 
tation; acids and bases are deloterious ta the 
fintluence being the more marked as their con 
increased. The proportion of acids which are effet 
direction have been given differently by various o 
ee 

alt 


Yeast-plant was promoted by “02% 
15", of lactic Sd Wok el kvoe ny aa i 
the former or 15%, of the latter, _In the presence 
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‘These experiments are found upon examination however to 
de strietly comparable to those in which the 
tako part, ‘The material is not dirvctly fermentable, bub gives 
vino first to sugure of the hexose type, ‘The carbohydrate which 
‘the artichoke tuber contains in greatest amount is inulin, and 
we have seen in a preceding chapter that the zymogen of inulase 
{is leo present in its cells, Tarulase is produced from the Inter 
and converts the inulin into fructose, which is easily fermentable 
‘by the youst employed, ‘The method adopted in practice is to 
‘treat the washed and sliced tubers with 4 times their waight of 
water containing *2 per cent. of potassium bitartate. The 
liquid is allowed to stand for four or five hours at a temperature 
of about 16°C. wnd is then decanted off, and the extraction 
repented with a further quantity of the same solution, ‘Tho 
resulting extrct, containing the fructose resulting from the 
hydrolysis of the inulin, haa m specifio gravity of about 1080. Tk 
is sterilised by heating it to the boiling point three times on 
successive days and the yeast is then added, after which fer 
‘mentation proceeds mpidly. ‘The latter process ia conducted at 
w temperature of 20—25° C. and is continued for 8 days, the 
nleohol being subsequently separated by distillation. ‘The inulisy 
is converted into fructose during the preliminary extraction with 
the dilute solution of potassium bitartrate. Similarly in 
Pastour’s experiments there can be no doubt the fermentation. 
supervened upon a preliminary hydrolysis 

‘The fermentation of milk-sugar or Inctose underlies the 
production of the beverages known as Koumiss and Kephir, 
which aro mannfaetured and used largely in Russia and im 
contral Asin, Lactose is a polysaccharide having the sme: 
empirical formula aa cane-sugar and like it is decompouod by 
an enzyme of the same type as invertase, as has already boon 
mentioned. The products of its hydrolysis are glucose and 
galactow, both of which can give rise to alcohol though the 
Inst named is only formentable with difficulty. 

Koumiss is ehiofy prepared in the steppes of South Western 
Siberia nnd the countries adjoining. ‘The milk used in ite 
anantfacture is yielded by mares, and there are 
mode of prepanition in different parts, Ib is apparently due te 
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vat, and the liquid kept in agitation. ‘Che fermentation is 
usually well advanced im about 24 hours, when the liquid is 
bottled und the fermentation completed in the bottles. 

Mix has described a similar orgunism which is in use in 
North America, which can ferment lnctose and glucose, 

‘The products of the kephir fermentation differ somewhat 
from those of koumiss, The sugar of the milk falls fom 4 to 
about 2 per cent; the fatty matters aro diminished in about 
the same proportion, and the proteids are reduced to about 
three-fourths of their original quantity. ‘The alcohol generally 
reaches a concentration of nearly one per cent, and the lactic: 
acid is formed in slightly lurgor amount, the rtio between 
them being 8:9, Koumniss we have seen contains sensibly less 
lactic ncid than aloohol, ‘The proteids do not appear to be 
Poptonised by the kephir organism, though some change takes: 
place in the casein in consequence of which it is very incom- 
pletely precipitated by the Inctio acid, 

In both these processes we havo almost certainly to 
two different formentations proceeding side by side, the one 
due to the yeast, and resulting in the formation of the aloohol; 
the other due to the bacteria, and giving rise to the laotio 
acid, 

A third instance of an alcoholic fermentation combined 
with other chemical changes is afforded by the cuxioua ov 
ganiam which is used in many rural distriets of England for 
the manufacture of an efforvetoent beverage known as ginger 
beer, In several respects it presents many resemblances to 
the kephir of the Caucasus Though it has been in use for 
maany yeors it was only in 1887 that attention was called to 
ite peoutiar composition. A completo investigation into the 
nature of the organisms composing it was carried out by 
Marshall Ward in 1891. 

‘The ginger-beer plant resembles the kephir organisin in ibs 
‘outward appearance, being found in white semi-translucent 
muses of irregular shape and almost gelatinous 
In size they vary from the dimensions of « pin's head tom 
diatnoter of nearly an inch, Tn a fermenting liquid they grow 
very frecly, and become much softer and more slimy that they 
arg in the dry condition, 
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‘The appearance 
Mas art" The nt ring caret, ofthe 
above-described lumps of ginger-beer plant however only 
become evident when they are pluced in saccharine solutions 
and they are perhaps best shown roughly as follows. A soda 
water bottle is filled three parts fall of Pasteur's fluid, or any 
other similar solution of sugar in water, and a lump of 
added, Lato this mixture are placed « fow lumps of the 
beer plant; the bottle is then well corked and laid in a warm 
place, and observed from time to time, In from 24 to 28 hours 
depending on the season, temperature, &o, the liquid is 
observed to become more and more turbid, and bubbles of gas 
begin to ascend, the fermentation soon goes on rapidly, and 
unless the cork is well seoured by string or wire, it will be 
‘blown out, This primary turbidity ix found to be due almost 
entirely to innumerable yeust-colls, ond further examination 
proves that these yeust-colls aro shed from the lumps of ginger- 
‘deer plant (which rise nnd fall with varying buoyaney in the 
liquid) and then roultiply in the medium, and soon form a 
greyish deposit at the bottom, ‘The buoyant dancing of the 
Jumps is seen to be determined by the copious evolution of gas 
Dubbles from their #urfaces....The liquid...is not only. sure 
charged with curbon dioxide, but is evidently more oF Tess 
viscous, with a viscosity which ik different from any property 
directly imparted to it by the sugar and other materials added... 
‘As time goes on this viscosity increases and it sometimes 
happens that the liquid becomes so thick that the gna-bubbles 
rise comparatively slowly. eileen ann Sie 
mere presence of yoast-cells, because they fill to the bottom ; 
it is due to the presence of innumerable awollen or slimy verti 
form bodies distributed through the mass of the liquor. Myrinds 
of rod-shapod bodies (Bacteria) are also observable....Tho ginger 
‘oor is distinctly acid as woll as viscous; the colour of the 
Tguida. plo, nen Sint of th oignn alas 
A vory detailed and olaborate investigation into the compo~ 
sition of the lumps of the “Plant” showed it to be composed 
re ee ea 
ginger-becr plant proper, while the rest are merely duo 
admixture of other forms from outside. The two queria 
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are a Yenst, Saccharomyces pyriformis, and a Schizowycote 
which hns been named Bacterium vermifurme Marshall Ward 
found it possible indeed under proper conditions to reconstruct 
tho “Plant” from puro eultares of these separate organisms 
originally isolated from a fermenting liquid, 

‘The bacterium is a peculiarly vermiform one con 
sisting of filamentous or rod-like, often 
auch coiled and twisted together, which are sometimes iat 
to be broken op into short rodlatss or even covei, the cells boing: 
thus arranged in chains, ‘The separnte filaments are invested: 
with a pellucid swollen gelatinous sheath, which gives to the 
complete organism its peculiar consistency. In the midst of 
this gelatinous matrix of coiled Hlaments the yeast-cells appear 
to bo mechanically entangled. ‘The whole forms a eymbiotic 
plant, which has a superficial resemblance to tho thallus of a 
Fichen, in which a yeast has replaced the alga, 

‘The ginger-beer plant is capable of causing fermentation in 
solutions of grape-sugur and of cane-sugat, but it acta most 
readily on tho latter. Tt differs from kephir in not being: 
able to ferment sugar-of-milk (Inctose). 

Tn addition to the carbon dioxide evolved, the solution at 
the end of a fermentation contains alcohol and acetic acid, with 
relatively large quantities of another acid which has not bean 
completely examined, but which appenrs to resemble lnetic acid. 
Thealcohol and acetic acid are formed during the earlier stages: 
of the fermentation, the other acid appearing somewhat later. 

‘Another organism of a similar nature has recontly been 
investigated by the writer in collaboration with Marshall 
Ward. It occurs as a growth parnsitic upon the eugar= 
eane, and was originally procured from Madagascar, Tt consists 
of golatinous masses closely resembling the ginger-beer plant, 
and like it, is composed of a yeast and a bacterium, the 
latter aguin being very much like the bacteriam Inst deseribed, 
Te forments eane-cugar, maltose, glucose, and fructose, but not 
lnotose, ‘The products of the fermentation are alcohol, earbon 
dioxide, and cortain acids, of which the chief are acetic and 
succinic. When cultivated in solution of cane-sugar it produces: 
quantity of viscous material, which apparently consiate in 
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Another fungus possessing similar propertics has been de- 
scribed by Wehmer, who has named it Aspergillus wentit. It 
closely resembles A. oryzec, but can only be obtained by 
covering beans, which have been boiled and superficially sun 
dried, with the leaves of Hibisous tileacue, The fungus invari- 
ably makes its appearance on the leaves, It ix charaotorised by: 
possessing a light chocolate colour, ‘The method of Slee 
the mould exactly resembles that employed by the Chinese in 
the manufacture of arrack. 

Armck is prepared in Java from rico starch by the aétion of 
a substance which the natives call “raga,” ‘This is a material 
in which many microbes and fungi abound, but the one to 
which the alcoholic fermentation is due is not known with 
certuinty, “Ragyi" has been examined lately by Went and 
Prinsen Geerligs, who have made cultures of several of the 
organisms it contains. Ono of those has been called Chlamy- 
domucor orysec; it is a fungus which developes a much-branched 
ungeptated mycelium. It is aerobic, and secretes reunet and 
dinstase, but does not invert cane-sugur nor set up the alcoholic. 
fermentation of glucose. Another fungus present hns “been 
named Monilia javanica. Tt has the power of fermenting. 
glueose, levulose, raffinose, maltose and cane-sugar, the latter 
of which it inverts, A true Saccharomyces, which the authors 
call S. wordemannii, appears to be the principal agent in the 
production of the aloohol of the arrack. 

When Mucor racemosus is cultivated in a solution of sugar, 
invead of forming an ordinary myceliom, it is found in the 
form of round or ovoid oolls which resemble very closely those 
of browers' yeast, and which like the latter multiply rapidly by 
budding, Other species of Mucor behave similarly. ‘These fungi 
have the power of fermenting glucose but apporently cannot 
attack fructose, When cultivated in invert-sugur thay consi 
quently can only ferment one moicty of it Generally the 
formentation is much slower than that excited by the true 
‘yousts and is more easily stopped by the alcohol produned. 
M. erectus can produce as much os 8 por cent. of spivit ina 
saccharine solution; Af, racemosus only about 8 per cent; Me 
stolonifer only 13 por cent. 


_—_- 
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‘Afucor racemowus does not produce alcohol and carbon 
dioxide in the same proportion as yeast, viz. 100:96%, but in 
relatively larger amount, the ratio being wtated by Fitz as 
1231; 100, The spirit contains a little aldehyde, and succinic 
acid is un accompanying product. Whothor or no glycerine ia 
formed in doubtful. 

The different species of Mucor are not all able to ferment 
‘cane-sugar, as some of them do not secrote invertase and cannot 
‘therefore effect the preliminary hydrolysia. 

Peniaitium glauoum and Rhisopus nigricans also axe said to 
‘be capable of exciting alcoholic fermentation. 

A curious bacillus was described in 1891 by Perdrix, who 
isolated it from the water of the Seine, It has among other 
properties the power of producing aloobol when cultivated in a 
starchy medium. ‘The starch is first hydrolysed to sugar and 
the latter is partially fermented, A solution of 4°5 grma of 
starch in 200 cc. of water fermented by it in the absence of air 
was found to yield the following constituent ab the end of the 
fermentation -— 


Sugar B52 gema Acetic ucid -08 
Ethylalcohol 847, Butyrioacid 175, 
‘Amyl alcohol 082, 


During the process the liquid gave off “407 gem. of carbou 
dioxide and 022 grm. of hydrogen, 

Perdrix named the microbe Bacillus amylosyme, 

Tt will forment the starches of whont, maize, rye and barloy. 
When yeast is added to a mixture in which it has exeited a 
fermentation the two organisms will work symbiotically and 
under these conditions 90 per cent, of the theoretically posible 
quantity of alcohol may be formed. 

Fits hasstated that glycerine as well as sugur is capable of 
giving rise to alcohol, the organism producing it being « microbe 
to which ho has given tho name Bacillue aathylicus, and which 
con be cultivated from an infusion of hay, He cultivated it in 
“1 por cent. solution of Leibig’s extract to which 3 per cent. of 
glycerine had been added. 200 grammes of glycerine yielded 
258 grammes of alcohol. 
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Fita's onganiem has been cultivated also by Emmerling, who 
found it capable of forming alcohol from mannitol ns well as 
from glycerine, Emmerling has shown that Granulobacter 
butyticus produces butylio alcohol from glucose, 

"Alcohol aleo appears as a bye-produet in several other for 
amentations which will be considered in a subsequent chupter. 

‘The formation of alcohol by the vegetable cell is not, how- 
‘ever, confined to the lowly organisms which we have so far 
described, There are many facts which lead us to the view 
that it is a property of living protoplasm, which is, however, 
‘only exercised when the Intter is exposed to nbnormal condi- 
tions, the chief of which is the absence of oxygen. The earliest 
of the observations recorded on this point were those of Bérard 
in 1821, These are very meagre and incomplete, but we learn 
from ther that he found that when certain fruits were shut up 
in a closed vessel containing carbon dioxide or some inerb gas, 
there wae u continuous production of carbon dioxide, which he 
attributed to a kind of fersnentation, 

Lechartier and Bellamy were tho first observers to record 
carefully the course of events under those conditions. ‘Their 
observations wore published in 1860 and 1872, and thoy throw 
a good deal of light upon alcoholic fermentation in general. 
‘They examined principally succulent fraits such as applea, pears, 
cherries, and gooscborries: also potatoes, and grain of whet. 
Placing these in elosed vessels from whieh tubes wore led off to, 
reoeivere containing mercury, they found that they gradually: 
absorbed all the free oxygen around them, and at the same time 
evolved carbon dioxide. The disengagement of the latter gas 
continued after all the oxygen had disnppeared, but became 
gradually less as time went on, During the experiments, the 
fraita were kept from contact with each other, and from the 

_ Walls of the vessels in which they were enclosed. After several 
months the fruits were removed, mashed to a pulp, and the 
mass distilled, when a considerable quantity of aloohel was 

from them. Very careful microscopic examination 
showed the nbsenoo of all micro-organisms, N 

Ono of their experiments may be quoted in detail, On 

Nov. 12, two pears, weighing 167 grammes and 125 grammey 
-— 
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parapet eet irene 5 80 a8 not to bo in 


the fruits, The vessel was then closely stoppered, and from 
the stopper a leading tube was taken to & receiver containi 

mercury. The apparatus was kept closed till the 19th of the 
following July, During that time, 1762 ee, of carbon dioxide 
were evolved, and the fruits at the moment of opening wore 
found to coutain 262 grammes of alcohol. ‘The pears had kept, 


thom it was found they bad given off 194 grammes of water, 
but atill contained a quantity equal to nearly 70 por cent. of 
their weight, ‘Towards the end of the experiment the evolution 
of carbon dioxide gradually diminished, From March 3 to: 
April §, only 26cc. were disengaged and the formation consed 
entirely at the latter date, ‘The authors point out that this fact. 
was incompatible with the view that the formentation was due 
to an alcohol-producing micro-organiem ; moreover, microsoopio 
investigation of the pulp taken at ‘at different distances from tho 
centre of the fruit showed that no such bodies were present, 
In some of their experiments sporca or cells of yeast runde their 
way into the frnits, and in this eases the progress of the for- 
inentation wan altogether ¢ fiom the one described, the: 
evolution of carbon dioxide continuously increasing after the 
fermentation was once initiated. 

Daring the time when the spontancous fermentation wax 
taking place, the fruit became sensibly modified, the cellnlar 
tissue being wholly or in part dissociated, und becoming 
sep, while the needs lost the power of germination, 

of Lechartier and Bellamy were subso~ 
renee) ‘by Pasteur and their results confirmed. 

When fruits wore gthored and allowed to ripen without 
boing deprived of oxygen, there wasn formation of alcool 
accompanying the proces ‘The alcoholic fermentation in the 

cases described was thus undoubtedly set up by the peculiar 
sortie. 66 iiasesoeciaeel 

Tnvostigutions published by Drofold in 1876, and by de Tasca 
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tannin, the pectose which was present in the walls of the colle 
was converted inte peetine, which caused the softencd character 
peas ‘The swelling characteristic of pectine partially 
obstructed the intercellular passages in the pulp, thus inter 
fering very torioutly with the transport of air to the cells of the 
Interior, and causing the supply of oxygen to bo considerably 
lessened, At the temperature of 15°C. sufficient oxygen was 
able to pass along the narrowed intercellular passages to 
minister to the needé of the cells, bul nb the higher point of 
30°C, this was not so, and a sort of asphyxiation set in, ‘This 
set up the formentation noticed ab that tempernture; at ones 
the output of carbon dioxide increased, and the ratio of the 
two gusos concerned rose from 1:126 to 1:92, The in 
creased amount of carbon dioxide was made up of that 
resulted from the fermentation of the eugar, added to the 
quantity proceeding from the respiration of the cells, the 
latter being the only factor when the lower ratio was observed. 
‘This view of the cause of the inoreaso was supported by 
observation that when air was admitted :ore freely to the 

Dy subdividing the tissue into small picoes, the ratio wt once 
fell slightly, although as such subdivision did not 

remedy the obstruction of the intercellular passages, the differ 
‘ence was not very marked. 

Gerber obtained similar results with bananas and molons 
observed under corresponding conditions, 

He came to the conclusion reached by Lechartior and 
Bellamy, and by Pasteur, that the cause of alcoholic furmontae 
pasts aie iw to he booked ne 
of oxygen to tho cells, that it is indeed » struggle against 
incipient. asphyxiation. The alcohols which he obtained wore 
‘not free as in the experiments of Lechartier and Bollamy, bub 
wore combined with other volatile bodies to form the 0 
etherial substances which constitute the perfumes of the frnita 

Eicerieg, eS) Sckeianton od Nn oo ea 
Yoast-cells in ordinary formentation, we find that it has 
frtibject of considerable specnlation, andl thos two) KypOsiaaa 
have been put forward to explain its action. Pasteur came 
conclusion that the fermentative power was connected with 
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of the sugar were only the result of the effort of the yeast-colis 
to respire at the expenso of part of the oxygen contained in. 
tho sugur molecule, it would appear that fermentation should 
cither not have taken place nt all in the presence of free 
‘oxygen, or that it should have been much less than in the 
other case, whereas the revorse is what is found. 
Schittzenberger ease his objection by experiments 
carried out to ascertain how respiration is affected under 
changed conditions, ‘The results he obtained ware briefly the 
(1) Ina watery liquid without sugar, but containing oxygen 
in solution, the quantity of oxygen obsorbed in unit time by a 
grammu of yeast is constant, whatever proportion of oxygen is 


present. 

(2) In a saccharine liquid, containing also albuminous 
matter, and with oxygen in solution, the same result is ob- 
tained, except that the quantity of the gas absorbed in unit 
time is greater. 

(8) In two fermentations, carried on side by side for ome 
time, one only being continuously supplied with oxygen, the 
Jatter produced most alcohol, Henea Schiltzenborger came to 
the conclusion that the sugar is alimentary. 

On a consideration of all the phenomena described by 
these several observers together with the facts ascertained by 
Lechartier and Bellamy and by Gerber it seems possible to 
reconcile these two hypotheses. We may agree with Schiiteen- 
berger that when the yeast-cell is cultivated under normal 
conditions ite peculiar metabolism demands a certain vigorous 
decomposition of sugar to ministor to its nutrition, Under 
these conditions it is freely supplied with oxygen and with food 
material. Its life is consequently very vigorous; the cells 
grow and multiply and the coincident fermentation is oxtromely 
active, But it does not seem at all « strained view to supposa 
‘that ite protoplasm is like that of the cells of the fruits and 
other organs examined by the other observers. We have 
soon that when these are deprived of access to fra oxygen 
the ratio of the gaseous interchange ia rapidly altered, 
carbon dioxide being increased two or three-fold. ‘The: near 








xespimtory process. i 
‘oxygen by the protoplasm, and of a series of decompositions of 
‘the substance of the latter, whereby continually simpler bodies 
ure produced, the ultimate terms reached being carbon dioxide 
fore yrocoeds immediately from the protoplasm. In the proces 
of fermentation this is not the case; the decomposition appears: 
‘to be conducted outside the protoplasmic molecule and to be 
‘eet up cong ippbebpaias beeen 
Gigpperwbich, the ving avbetaneecioeds fc respiaticnl gE 
process is essentially a fermentative and not a respiratory one. 

Psa ia fswover asec quali of conaidarabls a 
which must nob be overlooked in this disoussion, During ite 
life the yeast plant not only requires nutritive material far ite 
development and growth, but it must also be furnished with 
sufficient energy to carry out its vital processes, ‘This ia a 
primary necessity for all living organisms, 

In the case of the yeast-plant, we find that a temperature 
somewhat higher than that of the surrounding air is eminently 
favouble for its growth and multiplication, though the par= 
ticular temperatare desired is not the same for all rcos of the 
plont. ‘The maintenance of this slightly raised temperature 
demands the expenditure of a certain additional amount of 
energy in the form of heat, and this must be obtained hy the: 

in the course of its metabolic changes. 

Normally the energy required by an aerobic plant which 
contains no chlorophyll is furnished largely by its respiratory: 
processes. The same is true of such cells of green plants a8 do 
not possess chlorophyll corpuscles, or are not exposed to light 
of sufficient intensity to enable them to absorb radiant 


is immediately concerned. ‘The living substance is 
itself the seat of such decompositions and its own 
down and reconstruction are largely involved in them, 
decompositions appear to be provoked by the access of 
to the protoplasm, Tt is well known that the addition of 
‘oxygen to a compound increases ita instability. ‘The ultimate 
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tion of the sugar has till quite recently remained! undisoornned, 
the gradual davelopment of our knowledge of enzymes, 
the minds of many physiologists have beon directed to the 
question of the possible existence of one of these bodies, capable 
of giving rise to alcoholic fermentation, ‘The yeust-cell is known: 
to be the seat of formation of several enzymes, At different 
times invertase, dinstase, glucase; and trypsin have been dis 
covered in ib as we have already scen, Till 1806 all efforts 
to prepare from yenst an alcohol-producing enzyme failed. 
Claud Bornard was engaged during the last few months of 
his lifo in investigating the formation of aleohol in the juice of 
‘grapes of different degrees af ripeness and decay. During some 
of his experiments he found the quantity of spirit increase, 
‘though no yeast was.present, and he attributed this to the action 
of a soluble ferment, He did not however isolate it, His ex~ 
periments so far as they went were published posthumously by 
Berthelot, in July 1878 Tn 1896 however Buchner was success~ 
oa ie eaeleprleee His process was the following; — 
‘One kilogramme of purified pressed yenst was mixed with 
an equal weight of fine qnartz sand and with 260 grms, of 
kieselgubr, a fine infusorial earth, ea Cae 
ground in a mortar till a moist plastic mass was obtained. ‘Nhe 
microscope showed that most of the yeust-cells wore disin- 
tegrated or at least ruptured, 100 cc, of distilled water was 
then stirred into the pasty mass, and it was wrapped up in a 
cloth and submitted to strong pressure in a hydraulic press 
‘The pressure was gradually raised till it reached 500 atmo- 
apheres, The liquid thus squeezed out measured 30000 The 
Basten rae Seal oe ee 
another 100 cc, of water and the preamre renewed, 
further 150 c.c, of liquid was obtained. Tn all theres S800 
of the contents of the yeust-cells were yielded by the treatment, 
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‘equal volume of a 37 per cent. solution of cane-sugur, a regular 
‘evolution of carbon dioxide commenced in about 


Whon tho operation was curried on nt w Tow tomporutura the 
of the gus was vory gontla, but at about 85°C. 

it wus 40 energetic as to cause the liquid to froth. 
‘The preparation of such an extract as this presents consider 
able dificulty, the operation of grinding tho yeast being’ very 


‘The fermentation is due to an enzyme in the yeast extract, 

towhich Buchner hus given the name symase. ‘The nme is not 

pethape well chosen, as the same term has been applied to the 

‘isle group of sole feat: Sangh fs hs bom repeat 
this connoetion by the word " enzyme.” 

‘The decomposition of the sugar effected by aymnae it 
disuption into aleohol and carbon dioxide, If a ret f 
the yeast extract is mixed with a solution of a fermentable 
sugar and placed in a flask fitted with a manometer, the mercury 
very soon rises in the distal limb of the latter, and the pressure 
of the gas keeps it there for several days, bubbles of gas from 
time to time eveaping through the moreury column. At the 
end of some days a mensuruble amount of alcohol can be 
separated from the liquid by distillation, ‘The astion goos on 
until all the sugar hax boot docomposod, 

‘The extract is perfoctly active when saturated with chloro- 
form, which inhibits the action of the yeast coll iteslf Other 


When chloroform is used there ensues a gradual procipita- 
tion of tho. proteids of the yeast solution, which meghanially 
carry down lange portion of the eazy,’ fac sltion 

precipitate suspended in quantity of water, 
equal’ fa balente’ Wn seighaal okemne. bale a 





‘watery solution was not go potent after passing 
filter. ‘ 


‘The aogare which are capable of ihementation’ by 
are those which the yeast itself can decompove, 
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excite alcoholic fermentation when added to cane-sugar; evolu 
tion of carbon dioxide, production of aleohol, and diminution of 
the specific gravity of the liquid being all observed. If the 
extract was kept at 40°C. for an hour before being mixed with 
the sugar it produced no change in the latter, 

Effront has prepared zymuwe from peas and from barley by 
a similar method. 

From these researches it appears certain that the production 
of aloohol whether in the presence or absence of oxygen is 
‘brought about by the activity of an onzymo, Tts secretion by. 
tho cells of yoast attends the ordinary nutritive processes as 
well as the abnormal decompositions set up by incipient 
asphyxiation, The latter condition induces its formation im 
other parts of planta, ‘Cho ubsonce of oxygon stimulates the 
protoplasm of the cells to secrete it, the ultimate effect of its 
appearance being the liberation of energy as already stated. 
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and incorporated with, the living substance in the same way as 
‘those which spring from its self-decomposition. We fiud that 
in many cells there is stored a reserve of nutritive material, 
‘not quite in n suitable state for immediate oasimilation, but 
‘ready to form a nutritive pabulum when split up in the manner 
indioated. Nor are such materials of use only as supplying 
nutritive material; by their decomposition a supply of energy 
is afforded to tho protoplaan, of which it avails itaolfin 

‘ont constructive processes, Under the condition of an in- 
sufficient supply of oxygen also, the protoplasm frequently 
effects decompositions of the same kind, as we shall see in 
the present chapter. 

‘Those changes ure vory largely of the same nature as the 
docompositions effected by means of enzymes, and we may 
conweqnently speak of them as exhibiting u fermentative power 
of protoplasm, 

Tn discussing this power or property of the living substance, 
we may confine it to cases in which protoplasm provokes 
decomposition of various bodies for the purposes of preparing 
nourishment for itself, of Liberating energy for its various 
‘processes, or of obtaining oxygon for respiratory purposes 

Such operations can be observed more or less ensily in 
almost all organising, from the highest vo the lowest, and in both 
the animal and the vegetable body, 

We have seon that the liver of mammals contains a 
quantity of glycogen stored in its cells, Glycogen is also present 
in the muscles of the trunk and limbs. During lif there ia a 
constant demand for carbohydrate material by all the living 
substance, and this is supplied partly by the consumption of 
the stored glycogen, In an earlier chapter we have seen that the 
glycogen of the liver is probably converted into sugar by aa 

‘me formed in the substance of the cell-proteplism, Many 
physiologists hold the opinion however that this is not the only. 
agent in the transformation, but that some at all events is 
direotly hydrolysed by the protoplasm, ‘The same appears to 
‘be trie of the muscles, for up to the present these have nob 
deon shown to be capable of giving up dinstase to an extracting 
liquid to more than a trifing extent, 


—— 
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&e, This may however be duc to the character of the meta- 
boliam of the two classes of cells respectively, for the action is 
intracellular in both cases, 

‘The intracellular digestion of proteids in the absence of an 
enzyme can be seen in the ease of the tuber of the potato, 
‘The outer portion of the tuber contains crystals of proteid of a 
cubion! form, the proteid being probably one of the vogetable 
globulins. At the onset of germination of the tubers these 
crystals are found to distppear, being made use of in the nutri 
tion of the young shoots, 

‘The fermentative power of the protoplasm upon cellulose 
can be observed in almost all growing colle which assume laa 
irregular shape. We have noticed in considering the develop. 
ment of branches upon the hyphw of different specias of Boteytive 
‘that the accumulation of cytase at the points of branching leads 
to a softening of the cell wall at those spots, and that then the 
hydrostatic pressure in the hypha causes its gradual extension, 
The shapes of such cells as farm the stellate hairs upan the 
leaves of Deuisiae can be explained only by taking into account 
the power of the protoplasm to soften the wall of the originally 
nearly spherical cell at particular spots, 6o that in these areas 
it becomes moro easily extensible than over the remainder of 
its surface, The hydrostatio pressure due to turgeseence eou- 
sequently causes protrusions at the softened spots, and henee 
the uppearance of the mature hair, 

Tess conspicuous cases are of frequent occurrence in the 
interior of the vegetable tissues, This cytolytic action of 
protoplasm is evidently the sume thing as the softening brought 
about by cytuse, 

‘Till very recently the fermentations induced in ripe fruits 
as demonstrated by Lachartier and Bollamy, by Pasteur, and 
Ly Gorber, were hold to be illustrations of this proporty of 
protoplasm, Effront’s researches point however to their being — 
due to the presence of zymase, | 

If we pass to cases observable anong more lowly forms we 
find evidence of the sume property of living substance. The 
Teucoeytes of the blood of vertebrates may be regarded in some 
sung as independent bodies, capable of carrying ont their own — 

| 








prodigiosus, ‘Racterium coli. commune. 
others The most energetic form, the \oue Hila 
frequently found in sour milk, is the 
described by Pasteur, Bacterium 


‘This neutralises the lactic acid as fast as it is 


om 








Sotecaclwaay trie nace eee : 
as tartaric, citric, malic and mucic acids, The deo 
whieh it provokes in these substances is of a somewhat « 
charnotcr, being usually marked by the disengagement no 


of carbon dioxide, but of free hydrogen as well, Ac 
‘Van ‘Tioghom, it has also the powor of splitting up ea 
Seat cal alt pro ipo see ; 
particularly the middle lamella of the cells of 
roe By dcke Tee cera algae vase 
‘The bnojllus is constantly found in the alimentary 


in two stages; hydrolysis of the cellulose first takes 
virtue of a cytolytic enzyme, resulting in the fo 
dextrin and glucose, and these subsequently undergo 
acid fermentation. This, however, cannot at present be 
sidered proved. 

Many other microbes than Bacillus amylobacter are ex 
of giving rise to the butyric fermentation. Among tl 
‘be mentioned the Bacillus butylicus of Fite, which can 
glycerine, liberating onrbon dioxide and hydrogen, and 
in the solution butylie alcohol, butyric and lnatic as 
Tonio glycol, and traces of two other alcohols. This b 
one of the fow forms at present known w aecrate fr 
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Another bacillus, also investigated by c 

aii into alimost ies cont aekcee 
tity of propionio noid is greater, and trees of | 

Aegetate amremcre 


Oitrio fermentation. my 
During the year 1392, it was shown by Wehmer that under 
certain circumstances glucose can be made to give rise to 
citric acid. ‘This change is brought about by two 
species of moulds or filamentous fungi, to which their 
gave the names of Citromyces pfefferiamus and C, glaber, vesper= — 
tively. They form veils of dense mycelium of » green colour, 
about five millimetres thick, on the surface of suitable solutions, — 
‘The most favourable sugar for their development is glooose, but 
thoy ure not dependent upon that form alone. The fen 
Ao (aaicereyn pean seereetes 
citric acid produced is identical in properties and o 
with that obtained from lemon juice, Undur propor 
‘the quantity of acid formed corresponds to more than 
cont. of the glucose employed. Eleven kilogrammes of 
Yielded six kilogrammes of pure citrie acid in one exp 
without the appearance of any secondary products, To sec 
this reault, however, it is necessary to procipitate the ote 
when it hn reached a certain porcentage, as w concen 
20 per cent. is deletorious to the fangi and checks their 
‘The fungus cannot excite the fermentation in the wh 
of air; it is deleteriously affected even by the accu 
of the carbon dioxide which is evolved during the process. 
independent of light, but the temperature needs to be & 
regulated. 
‘Phe presence of inorgunic acids in the fermenting: 
very deleterious, while neutral chlorides favour the 
of citriv noid. 
If the fermentation is allowed to proceed too fix, 
old itealf is uttacked and decomposed. 
The process of acidification is not uniform, but ite 4 
describes a rather suddenly ascending and ra 
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caproie and succinic acids, traces of alcohol also being formed. 
Glycerine also can be split up by several of these 

besides the butyric microbe alrwady alluded to, A portioular 
micrococous is known, which slowly decounposos it with forma 
tion of ethyl and other alcohols, and butyrio, formio and nectic 
acids, the last two being in small quantity. ‘The microbe of 
pus, B. pyocyaneus, produces succinic acid in addition, Certain 
other micro-organisms can decompose the calcium salt of quinie 
cid; some nnuerobie forms yield formic, ucetic, and 

neida at its expense; others which are nerobio oxidise it to 
pyrocatechic acid, Several other acid formontations of a similar 
ind are known, 


Acetio fermentation, 

When alcoholic liquids are allowed to remain exposed to the 
air, they speedily become attacked by micro-organisms. Very 
soon, if the concentrution of the spirit is nob too great, a Ikind 
of pellicle or skin can be found upon the surface of the liquid, 
which sometimes remains thin and delicate and ensily broken, 
and at other times attains a considerable thickness In 
some oases the formation of the pellicle is accompanied by a 
growth of the orgunism in the body of the liquid, when a large 
amount of viscous matter may be produced. Coineidently with 
the growth of the miorobes, tho alcohol of the liquid becames 
decomposed and is replaced partly or wholly by acotie acid, 

The pellicle was named My by Persoon in 1822; he 
noted its botanical nature, and rightly concluding it to be « 
fungoid growth, named it accordingly, 

Kiltzing reinvestigated the subject in 1837, and described. 
the organism as consisting of a number of small circular a 
arranged together in the form of chains, He was th 


observer to note that the development of the acetic ph was 


counected with the presence of the microbe. He 
lhased the latter among the Algw, naming it Uloina ace. 


‘About the year 1821 light was first thrown upon the 


process of acetification. Before that date it was known in a 


general way that acetic avid was formed from alcohol, and that 


| 
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‘trtion than 14 per cent, Acetic fermentation proo 


“he homme gyn ee 
logical process, ling in all essential features with 
the sksholis fesmenteion ivloced by gannt < 
‘The action was at first held to be always due to one par= 
tioular fungus, but luter work carried out by many observers: 
has shown this to be erroneous. ‘The form which is most — 
Ocha ah ola eatlenmatsemacipar ses 
but wns referred Inter to the genus Bacterium by Zopl. Hansen. 
distinguished two species af this genus which are capable of 


Lafar has isolated nnd cultivated an acetifying organism be- 
longing to the Yeasts; he found it present in an acid beer, 
‘Bertrond has deseribed a fission fungus which has the power 
of attacking sorbitol, an alcohol isomeric with mannitol; it 
converts it into 4 ketose or ketone sugar known ns sorbinose: 
‘or sorbose, This fungus has not however boen sonnet 

fot 

A very careful investigation into the acetous fermentation — 
‘set up by Bacterium aceti was made in 1886 by Adrian J, Brown. 
He obtained the organisin in # pure condition by a 
of the fractional method of Klebs and the dilution method | 
y, Nageli. So cultivated, it formed a somewhat grenay p 
covering the surface of the liquid and inclined in ine 
stages of growth to creep up the moist sides of the vessel co 
taining it, When grown on diluted claret the coating 
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acetio acid at the expense of ethylic alcohol is the xo-clled 
peng crcnlbperePaed raatle e n 


B.aceti, ia an netobie orgualam, Esl peeing ava nae 
the culture fluid, and forming there # jelly-like translucent mss, 
somotimes as much as 26 mm, in thickness. This membrane is 
slightly heavier than water and sinks when 

a further growth commencing at once above the old 
Frequently 5 or 6 layers of growth are thus formed, so that 
the veil or pellicle appears laminated, If the ongwniem is 
cultivated in a liquid unfavourable to ite free growth, such as 
‘yoast-water, it appears as a jelly-like transparent mas at the 
bottom of the solution. Thin gradually inorcases in size till 
the liquid i# almost entirely filled with it The jelly when 
‘treated with sulphuric acid and iodine takes on a deep blue 
coloration, indicating that ib ix composed of collulowe, Tt seers 
to be made up of extremely diffluent membranes of the organism, 
forming a kind of xooglaa, 

‘Whon a film of the vinegar plant is examined microscopi> 
cally it is found to consist of bactoria arranged more or leas in 
lines aud lying embedded in a transparent structureless sheath. 
‘"Vhese bactoria are moat commonly found as rods about 2u in 
Iength, several often being united together. In old cultivations 
the rods are frequently to a large extent replaced by micrococct 
about ‘5a in diameter, When the organism has beon cultivated 
in an unsuitable medium, such as yeast-water, it appoars as 
Tong twisted threads, from 10—30p in length and of a leptotbrix: 
nature, differing howover in appearanco from the similar threads 
of B. aceti. 

‘The ost at » temperature of about 28° 0, 
Above 56°C. ip ceases to 

‘The fermentations set up by B. xylinurn ary similar to thous 
caused by B. aceti, Ethylio alcohol is oxidised to acotie usid, 
‘and the acid subsequently entirely destroyed. Glucose is oxi- 
dised to gluconio acid and mannitol to Tevulose. The organise 
‘has no oxidising action on cane-sugar, starch, or lovulose. ‘The 
great difference between tho two is the large amount of cellulose 
formed by B, xylinum, 
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Nitric. fermentation. 


Tho decay of organic matter in the soil, whether it is 
derived from the débris of vegetable or animal matter, is as 
socinted with the formation of ammonia or its compounds, 
Ammonium salts, especially the sulphate, are constantly in ase 
among agriculturists for purposes of manure. The compounds 
of arnmonia are however not so easily made use of by green 
plants as are the salts of nitric acid, It has long been known 
‘that the soil is the seat of a variety of chemical changes, among” 
which the formation of such salts from compounds of ammonia 

‘is especially prominent, 

Nitrification, us this proves is called, was formerly regarded 
as a purely chemical process, Like the oxidation of aleohol, it 
can be effected through the agency of platinum black. If a 
mixture of air and ammonia gas is heated gently in a tube 
containing spongy platinum, the Inter becomes white-hot, and 
forms atnmonium nitrate at the expense of the gaseous tnixture 
The influence of porosity, and the fre oxygen entangled in the 
interstices of the parous body were hold to be the explanation 
of the oxidation in the soil as they were in the ease of acetifieation. 

‘That the phenomenon is to be regarded as biological and * 
not parely chemical may be attributed to the researches of 
Sohlising and Mints, which were published in 1877, ‘They 
found that the conditions of nitrification strongly suggested 
bacterial agenoy, ‘The process is hardly noticeable at low 
‘temperature, such as 5°C.; aa the temperature rises it becomes: 
more marked, and reaches @ maximum at 37°C. Beyond this 
point it gradually weakens and cannot be observed above 55°C, 
‘Thoy found that soil which had been heated to 100°C, was not 
subsequently capable of exhibiting the process, ual 

By introducing small quantities of soil into a Suid medium 
containing » salt of ammoninm, preferably the chloride, mitrifi- 
cation of the latter can be made to take place, 

Experiments made subsequently by many observers have 
shown that: the compounds of nitrogen found in liquids and salle 
which are the seat of nitrification are not always the same. | 
vome cases nitrites and in others nitrates are produced. A 
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series of investigations has shown that the action takes place in 
‘two stages; in the first the ammonium salt ix oxidised to the 
condition of a nitrite and subsequently further oxidation pro- 
duces nitrates from the lattor, 

Sohlising and Manta originally nttributod the notion to a 
single organism, which they considered oxidised tho amtnonium 
salt to the condition of a nitrate, and they held that the 
nitrites found were the result of purely chemical processes of 
‘reduction. barybgerncrpemse psec ries 
puscles, round or lightly clongnted, of varying 
largest when grown in modia rich in arganie mattor, but at 
all times very amall; occurring either singly or in pairs, and 
multiplying by division. 

‘The researches of Warrington in England and Winogradsky 
‘on the continent have satisfactorily shown that two distinct 
micro-organisms play a part in the process of nitrification, and 
that probably more than one xpecies of oach existe, 

Ono of those has the power of oxidising salts of ammonium 
to the condition of compounds of nitrous acid. When in a 
pare culture this stage has bean reached no farther oxidation 
takes place. Winogradsky has established two genera of thes 
organisms, Nitrosomonas and Nitrosococeus, the former being 
romewhnt strangely only found in the soils of Europe, Asia, 
and Africa, the latter in those of America and Australia, 

‘The form of nitrosomonas as cultivated by Winogradsky in 
an ammonineal solution is generally that of an elongated ellip= 
‘aoid, but the youngest cells are nearly spherical, The breadth 
does not exceed 1p nor the length 11—18, The longest are 
thowe about to divide and they then exhibit a dumb-bell form. 
More rarely the organism is spindlo-shnped with blunt ends. 
A chain of 3—4 individuals is very rare 

‘When the Nitrosomonas is cultivated in an aqueous solution 
of sulphate of ammonium to which some carbonate of magnesium 
has been added, three stages can be noted in its growth, After 
about 4 days isolated colonics appear in the liquid, each of 
which is included in a gelatinous mass of the nature of 
zoogleea. ‘Three days or so Inter the liquid becomes turbid, and 
is found to contain a motile form which is fwmnished with cilia, 


layor ut the bottom of the culture vessel 
‘The Nitrosococons forms behave difforently. ‘They do 
form a xooglen, nor do they possess cilia, ‘They are sl 
larger than the others, ranging from 1°3 to 2 in diame’ 
‘Besides these organisms, which are responsible for the 
aiapy onl natteatie, jere are others which hava thi 
power of converting the nitrites therein formed into 
thus completing Uhe work. ‘Theso are among Reece | 


being 
and from ‘16 to 25h im breadth, The name Nitrobacter: bi 
‘been given to the genus, 

Most of our knowledge of this microbe is dua to 
rescarches of Winogradsky. It ean be oultivated in liquid 
media, when it forms a thin mucinous skin which adheres t 
the wall of the vessel, 

‘The two kinds of organism are usually both present in 


sume soil, those of the second type immediately oxidising the 
nitrites which those of the first form from ammonium salts, 








‘Tho conditions of their action ary rumuarkably similar; 
5°C. hardly any change can be initiated by cither 
12°C. nitrification becomes sonsible and increases 
the temperature rises to 87°C, Ab this point the rat 

ig ton times as great as at 14°C. Above 37°C 

rapid deoline of the rate may be observed, and accord 
Winogradsky the fermentation stops at 35° O. War 
filed to observe nitrification above 40° C. 
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‘A very interesting Loerie to the bacteria of 
nitrification in their marked distaste for 
Nolte of then wil gw upon a 
apparently dialking plod sorts ean 
crhivatad ‘resdly du tahoe of palesise dice ipeapeilad 
with the appropriate compounds of nitrogen. As a suitable 
culture fluid for the Nitroso-forms Winogradsky recommmunds 
mixture of 2—2'5 grammes of ammonium sulphate, 2 grammes 
of sodium chloride and a sufficient quantity of 
carbonate per litre of well-water. ‘The latter salt ix needed to 
neutralise the acids as they are formed. For Nitrobacteria 
the ammonium salt must be replaced by sodium nitrite, 
When cither organism is cultivated in such a medium it 
can grow and multiply, and the development is greatest in the 
abeonce of light. The source of the carbon of the increased 


go on in thotw plants in the absonce of any chlorophyll 

apparatus, ‘The steps by which this carbon dioxide is built up 

into » compound capable of being assimilated by tho living 
for 


‘nig ions w/the 3 x dependent pa wih ot 
taking place. Winogrdsky has investigntod this point with 
much eare, and he has come to the conclusion that about 
35 milligrammes of nitrogen are oxidised for each milligramme 
of carbon absorbed and fixed, 

Besides the oxidation of ammonium salts, another process is 
alo constantly going on in the soil which is of exactly the 
‘opposite 


and somotimes by the disongagement of free nitrogen, ‘The 
decomposition of proteld matter and its derivatives is effected 


acid oxidives it to oxnlio und not to mucie acid, 
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‘treatment with water, in which one of them dissolved, The 
other waa soluble only in dilute alkali, 1 per cent, of caustic 
soda taking it up slowly in the cold and more rapidly on 
Boiling, Tt was freely soluble in the cold in a 10 per cent. 
solution of the alkali, 

‘The first of these bodies had a specific rotatory power of 
(a)p=+130 in a 1 per cent. solution. It gave a pink colora- 
tion when treated with iodine, and did not reduce Fobling’s 
solution, 

‘The other, when in solution in 1 per cent. caustic soda, had 
no action on polarised light, It was coloured violet by iodine, 
‘and like the first had no cupric-reducing power, 

Both bodies when boiled for some time with a dilute 
mineral acid were converted into substances which reduced 
Febling’s fluid. 

* From their reactions they appeared to belong to the group 
of the hemicolluloses, but they did not yield oxalic acid when 
oxidised by nitric acid. 

‘Various organisms have been found to seb up similar forma- 
tions in milk, causing a peculiar “ropiness” in the liquid, 
Their influence appears to bo chiefly confined to the milk- 
sugar. 

It is probable that in most of these cases the viscous matter 
is nothing more than the extremely diffluent cell-walls of the 
organisms, and it is therefore doubtful whether these phenomena 
should be classed among such fermentations as we are con- 
sidering. Whether or no enzymes having the properties of 
eytase oF pectase are secreted by the microbes we have 20 
evidence to show, nor whether the changes in the cell-walls 
are due to eytasic or pectasic powers of the protoplasm, 

‘There are however cases known in which a similar production 
of viscous or mucous matter has been found to take place extra 
cellularly, A microbe was described in 1889 by Kramer as 
possessing this property. Microscopic investigation shows it 
to be a bacillus, occurring in short rods which are joined 
together in chaing, The cell-walls of the organism do not 
swell up as in the formation of a normal zoogkea, but when i 
is cultivated in the presence of cane-sugar a peouliar mucoid 
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material is formed in the culture medium which does not seem 
to include the bacilli. 


‘beter, from 
its oceurrence in the juice of the Beet. The mucous material 
which it forms shows cansiderable resemblance to dextran. 


Putrefuction, 


Patrefaction is a process which is associnted with the changes 
which various micro-organisms set up in proteids or alburainoid 





iho ath anette ec 


minoid matter is generally evolved in the form of sulphuretted. 
been 


Ecevectiay tous kin of hlomba, ona’ 

is initiated by one and carried further by another: 

the decompositions take place simultaneously or su 
‘The earliest researches on the question which 


described 11 years later by Dujardin as possessing 

oer! about 884 in, length ond 1—1-9y jn tea 
culls were said to be frequently joined together in 
‘the short chain so formed exhibited tremulous 
Cohn stated in 1892 that putrefaction was # special proces 
up by this bacterium. 

Bacterium termo was the subject of study 
observers during the next decade, Improved n 
cultivation showed that several separate forms wora 
‘under the one name, and in 1884 Rosenbach desoribed 
‘distinct. species, under the names of Baoillua oa 
TI, and TIT, Hauser » year lator described throo 
Schizomycetes taking part in putrefaction, which ho Lt 
a new genus, Proteus, ‘Theso aro eminently motile, the cella 

furnished with a variable number of cilin, DP. 
is often mot with in the form of elongated rods, x 
8—By in length, with o transverse diameter of 
forms however are very polymorphic. 

Echerich has described another microbe under the 
Bacterium cati commune, which is always present in the 
malian intestine and which can be detected in large num 
in tho evacuated finces, Tb is a short rod ranging 
from jp to 28. and having an average breadth 0 
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ascertaining the limits of any species is consequently extremely 


oTToa. conpilsald uation ee tigesiee cesar ea 
mammalian alimentary canal musd be associated with the 
presence there of many of these bacterial forms. As we have 
seon the final action of the pancreatic juice ia to convert part 
of the proteid molecule into leucin and tyrosin. ‘The occurrence: 
of indol, skatol, and other malodorous producta in the = 
in part of the sinall intestines, can ao doubt be explained 
action of these microbes, which work simultaneously with i 
trypsin of the pancreatic secretion and contiaue to net after the 
‘enayme has ceased to be effective. The absence of the microbes 
from the region of the small intestine in which the bile remaing 
is explained by the antiseptic powers of this secretion, 

‘Though no doubt the direct intervention of the protoplasm 
‘of the microbe is in most cases the exciting cause of the 
fermentation, or putrefaction, it must not be forgotten that 
many of these organisms have been shown to excrete ongymes, 
to the action of which dofinite decompositions have been traced. 
‘The observations of Lander Brunton and MacFadyen, and of 
‘Wood, have been alluded to in « former chapter, and it hax been 
shown there that various microbes have been proved to secrete 
trypsin, Various toxie albumowes havo been shown by Hankin, 
Martin, ond others, to result from the netivity of Baoitlua 
anthracis, and Hankin was able to extract from this microbe an 
enzyme that had the property of forming albumoses from fibrin, 
Another enzyme has been prepared by Cotrmont and Doyon 
from the bacillus of tetanus which effects o different decom- 
position, producing a toxie substance which is comparable to 
strychnine. ‘This enzyme, which hns received no name, is 
destroyed on heating to 65°C, Its discoverers attribute the: 
peculiar symptoms of tetanus to its presence, and state that 
immunity from this disoase is the result of the action of causes 
‘that inhibit the activity of the enzyme. It is not itself toxio, 
‘but produces the alkaloidal substance in the body, and the 
deleterious material can be extracted from tetanixed muscles and 
from the blood and the urine of an animal which has been thus 
poisoned, 








890 ‘PTOMAINES, 


The toxic products of putrofuction include not only 
‘moses, but a number of derivatives of ie 
bodies to which the name of ptomines 
1878, ‘Thero have been many workers in this field, et arate, | | 
‘whom may be named Panum, Nencki, and 
‘Tho majority of the ptomaines at present known were di 
‘eavered by the Inst-mentioned investigator, to whose 
are indebted for new methods of separating these sul 


these musoarine may be obtained, the poison of the red Agari, 
ier hake ate 


though not identical with 
shen wid price! a the rly evo toon la Eom 
maines. They difor fom tho ptomainos in being products of tho 
metabolic activity of the tissues and not of microbes, ‘They ane 
produced, that is, by animal, and not by 

Many of the ptomaines and Sie ee ore 
to the pyridine group af aromatic compounds, 


‘with the manifestation of this property by unicellular 
led to their being for a long time considered to be 05 
““ferments” aad to possess a property which was p 
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the disturbance they caused, and this obscured the motabolic 
work to which the induood changes ministered. 

‘The same facts mect us even to-ay and we ave nob yet 
prepared with more than a tentative. explanation of them, 
But we can see from comparing these humble forma with 
the higher plants that their activity is paralleled by the 
activities of the cells of many of the tissues of the latter; that 


through the ageney of secreted enzymes, 

‘The decompositions of these so-called organised, fermente are 
then only peculiar in two respeots ; (1) the great and apparently 
wasteful extent to which they are conducted, (2) the moro 
complicated character of the products produced by some of 
them. ‘The second of these statements must not however be 
regarded as proved; it may be that the complex products of 
putrefaction, for instance, are the result of the energy of several 
microbic forma working in auccession, Tn this case the gecond 


Present series atten po ts 
forments, These have been brought forward with a view to 
demonstrating that “organised” and “unorganised” ferments 
‘are radically different, They have been especially emphasised 
by Naogeli and Sachs, aud may bo mentioned here to show 
how completely this old distinction has broken down, how 
indeed two things have beon pat in comparison that are #0 
tally different that. comparison is impossible, whoroby 

the true relation between them has been entirely obscured. 
Sachs states the first of these peculiarities in the following 
terms:—"I find with Naegeli a further particularly atriking 
point of difference in tho fact that (upart from split-ferments 
suchas emulsin and myrosin) the plastic matters are transferred 
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by the action of unorganised ferments from the p 
active condition. Fermentation by menns of Fungi 
Naegeli insists, just the opposite charactor; ite prod 


especially the most nutritious substances.” 

Nuogeli states, “The contrast appears moat be 
case of carbohydrates und proteid substances, 
action of unorganised fermunts produces from ae 


compound into aleohol, mannite, Inctic acid, and into. 7 
tyrosin, &e—and in some cases several fermentations follow 
one another; their products then became less nutritious step 
by top. Wo may soy, goueraly, that the yeast fungi render 
the medium in which they occur chemically leas 
nutrition by every process of fermentation which they 

Tn the light of the knowledge which has been i 
during recent years these statements can no longer be 
as marking differences between fermentation by microbes a 
by enzymes respectively. Sachs's first criticiam lowes a 
cient 
is no reason why emulsin and myrosin should be p 
exceptional, We have seen that the conditions under 
they are active are the same as those which are needed by 
diastase and by pepsin, ‘The action is similar in kind 
as we can judge; diastase and emulsin both eanse hyd: 
and subsequent decomposition of the bodies which they 


The contrast drawn by Naogeli also faily We 
seen that the saccharification of starch and the forn 
peptone from albumin can be brought abont by 
both classes 


:= 


“4 
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*The conversion of proteids into leuein, fea a 
&c, is not a special property of Fungi; it is in fact the 
characteristic feature of both animal and vegetable trypaina 

Both the botanists quoted lay stress on the formation of 
nutritive substasiecs from plastic ones by enzymes, ‘The action 
of the latter is byno means confined to ‘transformations 
of this kind, We may mention here the recently discovered 
group of the oxidases, which are nov concorned with autritive 
processes at all, Nor so far as we know are the clotting enzymes 
thrombase and pectase to be considered as forming nutritive 
materials for the organism in which they occur, 

Sachs says again, “Naegeli puta his view of fermentation 
due to organisms a& opposed to that produced by unorganised 
formenta in tho following statement :—' Fermentation i thare- 
fore the transference of the movements of the moleoules, 
atomic groups, and atoms of various 





ee 
this statement, which presents Naogeli’s theory of fermentation, 
if true at all, applies equally well to enzymes. ‘This point how- 
ever will be more fully examined in a subsequent chaptor, 

If we turn again to the consideration of the fermentative 
processes set up by Nel geese enti ne teh Se 


that the latter exhibit the sume variety ns the microbes in the 


similar phenomenn, ‘Hydrogen is given off also from planta 
containing mannito, while malic acid gives rise to acetio acid in 
the fruits, flowers, and leaves of the Privet. In the decom- 
Position of protaids, Bochm found ammonia exhaled, ‘The 
condition under which these results are obtained, viz, the lack 
of oxygen, is the normal condition of many microbes, they 
being anaerobic in their mode of life. Whon axygen is present 
we find the same agreement, ‘The inversion of cano-sugar is 


— 
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the samo process whether that action is brought ab 

ction of the living cell of a leaf or by invertase 

either a higher plant or from yeast, 

‘Sachs claims as a pecaliarity of all fermentation set up b 

fangi that carbon dioxide appears as o 

Seniors bios ton brite: ms aa 

Ahroogh an inmaficens supply of orga, and cal 
‘the same conditions in the form 


to recognise Saue the suine constitution, the 
between them depending only on differentiation and 
of labour. In the lowly forms the great 


be brought ubout, not now by the whole plant-body, 
special cells or parts of it, ‘The agent in the de 
‘the same, viz. protoplasm; the conditions aro similar and 
resulting products are strictly comparable, ‘The seoretion 
enzyme, which is a power exerted by both lowly and moi 
highly organised plants, ia s mark of differentiation within t) 
living substance, just as in the slow movements of ama 
protoplasm we recognise something which in the higher 
more differentiated organism appears as tho contraction 
muscular fibro, 

‘A fact which at first appears to constitute the microbes | 
a special class of fermenting organisms has several times 
incidentally alluded to, ‘That is the power which many 
‘them exhibit of exciting more than one kind of decomp 
Laudor Branton, Wood, and other writors already quoted 
shown that the same bacillus may saccharise starch 
tonise albumin ; many others ean cause the clotting of 
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peculiarities of the organisms. ‘Thay exercise those powers 
according to the medium in which they are cultivated; many 
of them carry out the changes by the excretion of enzymes, 
and the formation of these depends in some way upon the 
atimulus of the culture medium. Vignal, who investigated the 
lost-mentioned of these microbes, points out thot the propor- 
tions of the several enzymes it forms very greatly 
according to the nature of the fluid in which it finds itself, 
‘The fermentation in these eases is seen to be strictly sub- 
ordinate to the metabolism. We have noticed in preceding 
chapters that the secretion of particular enzymes by the higher 
animals is very largely influenced by the charucter of their diet. 
Wo may again mention in this connection the researches of 
Vossilief on the influence of the latter on the relative propor- 
tions of dinstaso and trypsin in the pancroatic juice, In fact 


‘These phenomena recall also the observations of Schiff and 
others as to the necessity of an absorption of some nitrogenous 
compound or peptogen before the seoretion of the gastric 
takes place, “CAL 2 Bava nosed sks eases hope tw 
also reminds us of the behaviour of an Ameba, which only 
forms a food vacuole with its digestive Huid round an ingested 
‘nutritious particle, Any foreign substance which is not digest 
ible does not become enclosed in such a vacuole, 


CHAPTER XXII. 
‘THE SECRETION OF ENZYMES. 


‘We have scen incidentally in the case of many enzymes, 
particularly those formed in well differentiated glands, that a 
cortain stimulus is necessary before secretion takes place. Tn 
vhe case of galiva an increased flow can be excited by reflex 
nervous agency, as when an afferent nerve is stimulated by 
some enpid substance being placed upon the tongue, or when 
some appetising odour reaches the olfactory membrane of the 
nose, The taking of food into tho month is followed by un out~ 
pouring of both gastric and pancreatio juices, 

Similar phenomena can be observed in the cases of some, 
vegetable secretions, The leaves of Drosera and of Dionsa do 
not pour out their enzymes unless they are stimulated by con- 
tact with the body to be digested. Clautriau has observed that 
if pitcher of Nepenthes is sovored from the plant its contents, 
will not digest albumin, though another exactly similar one lef 
in its normal attachment will do so rapidly. He has suggested 
that the secretion is controlled by the plant. by something com= 
‘parable to w nervous influence. 

Apart however from actual nervous influences there is evi- 
dence to show that the absorption of nutritive materials has 
‘a very potent influence on the formation and discharge of the 
secretion. This has been shown by many writers, among whom 
may be mentioned Heidenhain, whose experiments on the 
secretion of gastric juice in a portion of the stomach i 





— 
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from the rest by ‘Thiry's method, point to a material increase 
in tho quantity poured out, in consequence of the absorption of 
food by the mucous membrane of the main portion of the organ. 
‘Schiff also has called attention to the inenmass in the flow which 
follows absorption of various nutritive bodies, 

foes of toioalas PS cise haere 

advantageous in the case of various 
fromalle ct sno dn Gus pillar peace 
by the writer to be directly dependent on the absorption of 
sugar, 
‘The observations already alluded to, which were made by 
Lander Brunton and MacFadyen on the enzymes secreted by the 
Iweilli they oxamined, also bear upon this point, They found 
that the character of the medium in which the microbes were 
cultivated determined whether the enayme produced waa dia 
staxe or trypsin, ‘The absorption of a carbohydrate in the one 
caso or a proteid in the other was apparently antecedent to tha 
production of the ferment, 

A curious ease of the influence of abundant nutrition on the 
secretion of enzymes has been noticed by Dubourg. Certain 
yeasts will not cither invert or ferment cane sugar under 
ordinary conditions, If however they aro cultivated in a 
liquid containing abundant supplios of nitrogenous material 
together with glucose they become capable of doing both. 
Tf the yeast is withdrawn from such a culture medium while 
it is actively formonting its sugar, and is washed free from all 
saccharine matter, it will sob up a fermentation on being mixed 
with a solution of cane sugar. It appears in this case as if the 
abundant supply of nutritive matter excited the formation of 
the enzymes, 


ho spprenly die oto of AW natin of te ink 
the sceretion will also be remembered here. 

Tn somo eases howaver the stimulus is of a different kind. 
Brown and Morris showed in their experiments on the socrntion 
of diastase hy the ecutellum of the barley-embryo, that no 
enzyme ia formed in its cells £0 long as the embryo is artifici- 
ally supplied with aohitions of nutritive carbohydrates, and is 
not obliged in consequence to obtain its nourishment from the 
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starch contained in its endosperm, Wortmann showed 
certain microbes produce diastase when starch grains are | 
only available food, but do not if sugar is offered to them w 
the starch, De Bary indicates a similar 

case of Bacillus amylobacter, which forms no cytase #0 long 
it can obtain glucose freely. If the supply of the sugar 
Aiea | 
enzyme, Pfeffer has shown that the sume thing ean be 

in the cultivation of three orgunisins, Penicillium 
Agpergillue niger, and Bacterium megatherium, The 

tion of dinstase by all thiee diminished ns the percentage 9 
sugnr was inoreased in the medium in which they were growing 
though Aspergillus proved itself less sensitive than the others 
Lieieny bas showa that the secretin of enlin by Aspengii 
ia similarly influenced, 

Stal ol Bom cose in cowie othe ae 
to be provoked by diminished nutrition, appronching indeed 4 
incipient starvation, 

‘The process of secretion and the effect of these sti 
upon it can only be advantageously studied in the case of well 
differentinted glandular structures. Nor do all these offer 
facilities, but those are most favourable in which the 
of seoretion is both intermittent and fairly rapid when one} 
initiated, 

For many reasons the cells of the pancreas are the m 
suitable for a study of the vecretory process, It is true 
‘this organ elaborates several enzymes, and so far a8 We 
they are all formed together in the same cells 
formation is however a single process 50 far us oan 
ascertained. 

Hoidonbain studied the appearances presented by 










animal (dog) which had been fasting for rather more than &. 
each cell was seen to consist of two zones; one which te 
on the lumen of the alveolus, und one at the back of the 
towards the basement membrane, The inner was 

the larger in area and was studded with fine granules, 
onter was narrow and its substance was homogeneous, 
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‘nucleus of the cell was shrunken and corrugated, and was found 
at the border of the two zones. In the pancreas of another dog, 
which was killed during full intestinal digestion, the sume two 
zones were evident, but the homogeneous outer one was much 
wider and the inner granular ono was contracted, the granules 
being vory much less numerous ‘The whole ooll had sufforud 
a diminution in size, while the nuclens had regained a spherical 
shape and was nearly central in position, A third pancreas, 
excised at the time when digestion had ceased, showed the 


‘The times when the granularity was most marked showed 
that the latter was vory probably connected with the prevence 
of the enzymo, which sppoared to be formed during the poric 
of rest and extruded from the coll during that of activity. ‘The 
change in size of the cell which accompanied the pouring out 
of the pancreatic fnid showed that the latter removed a con~ 
siderable quantity of some soluble substance with which the 
cell had been distended, 

‘The formation of the granules was synchronous with an 
enlargement of the cell and indicated the absorption of some 
uaterial, nutritive in charueter, at the expense of which they 
wars constructed, 

Kuhne and Lea watched the process of secrotion in tho 
pancreas of the living rabbit, and noted similar appearances to 
those described by Heidenkain; they associated the 
of the enzyme with the formation of the granules, and the 
pouring out of the sceretion with their 

If we turn to the salivary glands we find similar phenomena. 
In the mucous glands of the tongue of the frog we can see an 
outer region in which the protopluim is clear, nnd a much larger 
inner region which is crowded with granules, Th a serous gland 
in o state of rest the whole cell appears granular, there being 
‘no onter homogeneous zona When the secretory nerve is 
stimulated, an outflow of the secretion follows, and this is 
attended by a diminution of the granularity. In the mucous 
gland the granules noarly all disappear; in the serous one they 
are removed from the outer part of the cell, which becomes 














appearing h 

‘curvature this becomes less and lees obvious; aboub th 

of this region tho colls possess un outer homogeneous bo 

further on, as the pyloric gion is approached the calls 
and fewer granules, i 


number and sizo of the granules throughout the eall, 
bs reaction ft rales tale plan 
readiness, The process appears to bogin befor the : 
completely emptied, and to continue during the Inttor 
the period of digestion, no that by tho time this pn 
finished the cells have almost regained their original 


appearance, 
Tn some cases, especially in the pyloric glands 


Tn comparing these difforent changes, which we 
the main the samo for all glands, we find that the pn 
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very conspicuous, is 20 obscured as to become almost invisible. 
This proce is complete in about a day and the granolaiiy 
is maintained until the endosperm is almost exhausted of ite 
sewervo materials, At this point the epithelium shows a 





accretion. Another 
nucleus of the cell has entirely disappeared. 

The continued socretion depends upon the cells being arnply 
supplied with food. ‘This is derived from tho reserve materials 
of the endosperm, partly the carbohydrates on which the 
seamen ‘and partly reserve-proteids obtained from the 

aleurone layer. 


Tt is impossible to disrogard the general similarity of 
feature between this prolonged process and the intermittent 
one charwoteristic of the pancreatic cells, 

‘The secretory process has been stuilicd by Gardiner in the 
cells of the glands which are situated on the leaf of Dionaa, 
As we have seen, when the leaf of this plant is stimulated by 
contact of its surface with some nutritive material, the leaf 
folds over and encloses the exciting body, and the glande pour 
‘out a digestive secretion which contains a enzyme, 
‘The process of secretion is much more rapid than that of the 
barley embryo, and may be repeated more than once by the 
same gland. 

Gardiner distinguishes four periods in the act of seeretion— 
(i) one antecedent to sceretion, when the cells are in the 
resting condition ; (ii) a period during which the secretion is 
formed and extruded from the gland ; (jii) a time when wbsorp= 
tion af the digested material is effected; (iv) a potiod of 
recovery. In the first of these, a layer of protoplnsm lines the 
wall of the cell, and surrounds a largo contral vacuole, filled 
with coll-eap, ‘The protoplasm is extremely granular, especially 
round tho nucleus, which is situated at the hase of the cell, 
In many cases it is quite obscured by the granules, At the 
end of the second period the nucleus has moved to the centre 


tt prin ity aii he 
‘be very powerful, If tho extract made im 

devil ie acidiSed andl Kogh vane! Soe eoman tine 

hetive. ‘The material extracted from the gland 
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is not the enzyme, but somothing which rayidly gives 


substance has been named “mother of ferment" or symogen, 

‘There appears to be for cach enzyme a distinct antecedent 
at ymogens is Het 1. Hardt Eo SAG eat 
be transformed into the active ferment directly it is required, 
‘This change seems to take placo immodiately prior to, or 
perhaps during, its extrasion from the cell. 

ee Se ere 

1a gradual process, ut least one antecedent body being 

formed, Are we able to investigate this process more closely? 

In the recital of the changes in the cells, we have noticed 
alnost always that the nucleus has appeared to play a part in 
‘the secretion, though what its function is has not so fir boon 
apparent, We may recall here the observation of Brown and 
Morris on the seutellar secretion of dinstase. ‘This is a process 
which is continuous after its first inception, and not inter 
mittent like that of animal glands. It will be remembered 
that when the secretion has ceased and the granularity of the 
cells has disappeared, the nucleus is found to be disintegrated, 

‘Some extended researches upon this point have been carried 
out by Macallum in connection with an enquiry into the distri- 
bation of iron and phosphorus in cells 

His cxperimenta were carried ont on the pancreas of woverl 
animals, by means of staining reagents which coloured 
the various parts of the cytoplasm and nuclens, and also of cor 
bedepbersp. ean isita Maw hen i 


an cosinophilous substance diffused out of the nucleus into the 
cytoplasmic zone. Later, thig same substance appeared to be 
removed from this region to be fixed in some way in the 


granules, 
Macallum noticed furthor that as the cell was filing up 









igiogen granulo in, the celle of the: peamtad nem 
myotylus, after being freed from adherent lecithin, were also 


fond to contain phosphorus, which however was 


to the cytoplasm itself, but to a substance contained 
meshes, 


‘All theso various constituents of the cell were found 


inon-holding substance varied. When the cell was 
and tho gramules of zymogen were scanty tho ¢} 


the hypothesis that the nucleus forms out of its chr 


A, 








i aymogen, which 
in soon aggregated into granules, Tho ineroaned sino of .the 
Prine ab kins ertarae yet 
addition from the prosymogen of 

ool bade fhe nt Uipakereal of etnedod 
is an iron-holding nucleo-albumin, in which the iron is attached 
to the nuclein. 

In such colls the process of secretion appears tharefore to be 
intimately oasociated with this constituent of the nucleus, At 
the same time the zymogon is not purely a nuclear product, the 
ostoplasm of the cell contributing to the later stages of its 
construction. 5 

Macallum has found also that the aleuroné-layer of the 
endosperm of the wheat grain gives the same renetion for iran 
as do the cells of the pancreas. We have already soon reason 
pelea seieorrararhiy mines oS 
cularly in connection with tho formation of cytes. 

Macallum noticed a similar distribution of iron in some 
Protozoa, We have sean that it ix probable that thes uni- 
caller organo get tele ol Ahn spunea ayes 
which are secreted into definite vacuoles which surround the 
ingested particles From his observations he holds it to be 
probable that there is the same relation as in the gland-celle 
betweon a zymogen. and an. iron-holding compound: whioh, ix 
contained in the meshes of their 

‘The view that tho secrotion of the enzymes may thus be a 
gradual process passing through several stages has been put 
forward by other observers. It was suggested in 1882 by 
Longley in the following words!: “There are onc or two 
ath clmarraicon on neue oalet Rose ee eae 
rie sce ge hae some experiments of Briicke, Briicke 
pointed ont ‘extraction with water doos not take 
Ei al te pone Seat hae quslie nieaceabee teen 

* dournad of Phytoloyy, 2, 200, 





gastric: 

acid until it is quite broken up, the residue nevertheless 
raked and spun trested wih dilute hyledhlrs acid) 
gives  pepsin-containing extract. We could 

that this could be the caso if the zymogen existed in the 


necessary, ‘I conceive the matter thus. ‘The 
gland cells docs not at one swoop form zymogen as it occurs 
previous to its conversion into pepsin, but forme — 
certain intermedinte bodies in which the zymogen radicles 
become more and more isolated. Sines the zymogen contains 
the radicle of the ferment, the ferment will be obtained with 
greater difficulty from the imperfectly elaborated zymogen, #4 
as we ascend from the final mesostate to he 
ferment will be split off less and less readily. ‘The last t 
of ferment then which are obtained by rvpeated 
T take to arise from the splitting up of substanoo which co 
the way to be converted into zymogen.” 

We may now tum our attention to the relation b 
agmogens and exayes,and i the diferness which may bo 
shown to exist between them, 

We have pointed out alread thet the evideneo in four OF 
the granules consisting of zymogen and not of enzyme is based 
‘upon m comparison of the fermentative power of a fish ti 
before and after being warmed with a dilute acid. A 
convincing proof has been offered by Langley in e 
with his researches on the histology of the mammalian g 
glands. He nscertained thut pepsin is mupidly destroyed 
warmed gently with 4 1 per cent, solution of sodiwn ¢ 
and applied this peculiarity in testing the contents of m mug 
membrane, In a vory striking experiment: he nénd an, 
of the mucous membrane of the fundus and greater 
of the stomach of a rabbit, which was powdered and 
in wator for 2} hours at 32°C, He divided the fi 
tract into wo parts, and warmed one of them at 32% 
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pepe dess rege i= cont, of hydrochloria 
seid noutralining te wish lita alkall Ws tha end of tit tas 

‘This would effect the conversion into pepsin of any zymogen: 

present in the extract, At the sme moment he 

the other the same amount of acid and alkali simultaneously, 


as 
only differed in that P bad boon warmed with 
the alkali was added, while 2 had not, He then to 
10, of each, an equal volume of 2 per cent, solution 
carbonate, and kept them at 39°C. 

wore then removed, neutralised, and made up to "2 
of hydrochloric acid, and some fibrin was added to each. 


Tec ySos sta bee i pe read 
by the subsequent acidification and digested the fibrin; the 
same substanes in P had been acted on by the acid for sone 


time of ita extraction, or it would have boon destroyed in 
algo. In the condition in whioh it wns present in the original 
gastric extract, the sodium carbonate had no action on it, 

By this experiment Langley showed that the gmnular 
matter thus extracted from the glands is not pepsin but an 
antecedent or zymogen, and further demonstrated a difference 
between the Intter and tho enzyme with regard to their be- 
tmviour with dilute alkalis, 

‘The zymogen, being the antecedent of pepsin, hay bean 
called 

Langley showed by similar means that tho gastric glands of 
the dog, sheep, mole, make, frog, and news contain pepsinogen 


£ 
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Pepsinogen can be converted into pepsin not only 
acids but by dilute alkalis also. ‘The latter must be vary 
dilute or the pepsin is destroyed almost as fast as 
formed. 
Heidenhain showed in 1875 that the secretion of the 


acids, A watory extract of the glind slowly nequires tryptic 


Hammarsten showed in 1872 that the rennet enzyme of the 
stomach is algo derived from a zymogen. Langley confirmed 
this observation in 1881, He prepared an extract of the 


Tt was nocessary to work with a faintly alkaline solution, as 
‘a vory little acidity causes precipitation of the casein, as 
already shown, ‘The alkalinity had however to be very alight, 
ag rennet zymogen is rapidly destroyed by as little as °S per 
cent. of sodium carbonate. There is not the difference im this 
respect between the zymogen and the enzyme as is the case 
with pepsin and its untecedent, 

Lércher haa recently obtained similar results. He used 
glycerin extract of the dried gastric mucous membrane, which 
he found able to coagulate in 17 minutes 20 times its volume of 
milk to which 1 part to 10000 parts of hydrochloric acid had 
been added. When he allowed the acid and the gastric extract 
to stand together for 2 hours before adding them to the milk, 
coagulation took place in 2 minutes. 

The evidence for the existence of the zymogen of salivary: 
diastase is not so complete, though analogy with other secretions 
points to its existence, and it is strongly suggested by the 
Appearances in the cells of the salivary glands already de« 
senibed, A certain amount of direct evidence however is not 
wanting. Goldschmidt has demonstrated ita existence in the 
ealiva of the horse, Certain facts which were ascertained by 
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EL aise idea a ape ity 
somewbnt higher than did tho corresponding ourve: pach 
sn sawing pu of te epee th 
EcaeA nine oh werk. 

made by the writer upon the action of | 
Taaties dintewllt slo peor) the scien Ege 
in the secretion, 

‘A preparation of saliva made in the way already described, 
and preserved by the same antiseptic as in the experiments 
quoted, was exposed for sovernl hours to the rays of the electrie: 
are at such a distance that the heating effects of the lamp were 
imperceptible, 

By tho uso of certain sereens the effect of different parte of 
the spectrum were examined separately, ‘The soreens were 
propared according to the directions of Landolt’, given in 








caer radhapeaie gees lie acl ultra-violet. The 
red rays included rays of wave-length 710—645 yu; the orange 
645-—585,.u, the groon 585—S00up, the bluc 500430, and 
the violet those of the visible spectrum beyond 430jp. ‘ 
After the exposure, during which the temperature off 
saliva was registered by a maximum thermometer, the diastasio— 
power of the proparation was ascertained by allowing Sec. to 
digest with 200, of solublo starch in 1 per cent. solution, — 
eantrol preparation was in nll eases examined, which 
composed of the same saliva suspended with the other in 
of the lamp but protected from the light by an opaque son 
‘The tablo on page 389 shows the effect of the action of the 
The results must be received with @ certain ammount 
‘caution, as with such different soreens it was nob at all 
get the intensity of the trnsmitted light the same in - 
ense, though as much care as possible was taken, 
differences in intensity in mny ono case were found 


2 Landolt,“ Methote ror Bextimmong der 
‘ton StrabilenBltern.” Ber, d, deut. chem, Gerelt, 1304, p. 2373, 
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established by Vines in his experiments on Nepenthes 
treated some pitchers of this plant with dilute acetic acid 
(1 per cent) for 24 hours before extracting them with glycerine, 
and at the same time extracted other similar pitchers with 
glycerine without preliminary treatment with acid; the first: 
extraot possessed greater proteolytic powers than the second, 
Jeading him to infer that a zymogen was present in the glands, 
which was converted into an enzyme by the acid. 
_ ‘The writer's experiments on the antecedent of the enzyme in 
the resting seed of the Lupin also indicate a similar condition 
in the cells, thongh its identification is not so ensy, as the 
acid treatinent usually adopted for zymogen conversion is not 
available, the digestion having to be a prolonged one and to be 
conducted in nn acid medium. The eymogen was ascertained 
to exist by « modification of the troatment adopted by Langley 
in the case of the pepsinogen of the stomach, based upon the 
destruction of the enzyme by dilute alkalis, which do not 
decompose the zymogen. 

Tnulaze can be more easily shown to exist as a zymogen in 
the resting tuber of the artichoke, In the writer’s experiments 
some pieces of full-grown tubers were kept at « temperature of 
95°C. for 24 hours, An extract then prepared from them was 
found to convert inalin into sugar, while an extract made from 
other pieces of the same tubers without warming, was inert 
When some of this latter extract was subsequently warmed 
for » time with # solution of acid-albumin in “2 per cent, 
hydrochloric acid, some enzyme was developed in it, though 
Joss than was obtained by warming the tubers alone before 
extmotion ns described. Treatment with acid alone waa useless 
in tho cage of ioulase, as the quantity needed to convert the 
zymogen was sufficient to destroy any ferment liberated from it, 

‘Tho lipase aod rennet of the castor-oil seed have also been 
shown by the action of acid to exist in the zymogen condition 
until the onset of germination, the former of them 
convertible into the ferment also by the prolonged action of 
water without acidification. 

Brown and Morris mention that the quantity of dinstase 
secroted by tho epithelium of the scutellum of the barley grain 





adarcenk oF Munk that ewape which’ sombine within 


‘compounds produce similar symptoms to those caused 
peptone when injected into the blood-vessols, All the ¢ 
terious effects which follow the injection of 
obviated by injecting a solution of some salt of 
‘the bame time, 
Pekelharing suggests that intravascular clotting 
by tho rapid conversion of zymogen into ferment, He 
that peptone will restrain coagulation in intravascular golass 
if added so rapidly that the zymogen has not time ta 
‘with the calcium salt to form the ferment, 
‘This view is not however in accordance with the 
haa been noticed by more than one observer, that inj 
very strong solutions of thrombase into the ‘blood anal 
living rabbit is not followed by intravascular clotting. 
According to Pekelharing the conversion of the zyme 
ors seriataed is effected by an actual combination with th 
calcium salt. Ho says further that fibrin itself is a: 
compound, and that the main action of the fermont appe 
be the transference of the calcium to the fibrinogen. 
‘Hamtmarsten endorses Pekelharing's view as to the 
of the zymogen to the thrombase, but he opposes th 
that fibrin is a calcium compound of fibrinogen, as: 
found that both fibrin and fibrinogen contain the swine am 
of calcium. 


The points of difference botwoen aymogens and the 
to which they give rise have not beon very cormpletely 
Langley and Edkins have made a comparison 
ogen and pepsin, and have found as might almont | 
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again 
alone on various proteids, and shows that they 
moaee wires 


rs called attention to certain resotions 


surrounding cells was stained much more slowly, and 80g 
a depth of tint was never attained The contents of tI 
‘myrosin-containing cells further became precipitated in 

fortn under the action of the reagent, so that thoy 

quite distinctly nmong the rest. 


peroxide of hydrogen added, a somewhat vivid blue 6 
is prodaced. Other observers have extended this 0 

Eicher Wada, Uy ssp oboe PN 

be an unfailing test for the various members of the: 

though it has not been thought to give distinctive 

them individually, Lintner showed in 1886 that the n 

is more deticnte when an alcoholic solution of the 
employed instead of the resin. 
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A more striking fact is that the temperatures at which #6 
many enaymes are destroyed correspond very closely to the 
points at which proteids occurring with sans are coagulated, 

‘Most of the methods of preparation which have been de 
seribed are such as would throw proteids out of solution. ‘Two 
very prominent meaus of precipitating enzymes we have seen are 
the addition of exeass of alcohol to the solution, and its satura 
tion by noutral salts, ‘These methods precipitate the proteids, 
and the enzymes are thrown down with them if any are present, 
‘The experiments do not show whether the proveid and the enzyme 
are identical, or whether the latter is merely 
associated with the former. It is remarkable however that 
prolonged exposure to strong alcohol coagulates the proteida, 
and that the samo treatment gradually destroys the power of 
the enaymes. 

‘Tn some cases observers have found the association of a 
particular enzyme and a certain proteid to be so constant and so 
close that they have been led to the view that the two ars 

Osborne hus studied the association of diastase with proteida 
im the cereals, wheat, rye, and barley. In them all he has 
found an albumin which he has named Jeucosin, besides a 
globulin and a proteose, All ferment extracts which he 
prepared from any of these cereals contained a mixture of these 
proteids, but when they were spurated by various mothods the 
greatest diastasio power clung to the leucosin. The 
was found to be associated with a certain proportion of the: 
enzyme, but much less than the lencosin. ‘The quantity of 
leucosin and the fermentative activity also varied together, 
though not with very great exactness, 

As the result of his experiments Osborne came to the view 
‘that the dinstase is either the leucosin or a compound of the 
Jatter with some other body, presumably the proteose ; and that 
‘this compound breaks up on being heated and yields 
albumin, some freo albumin being coagulated at the sume time, 

The view cannot be considered proved, as certain of hia 
solutions which contained only the proteoso powessed a 
though relatively feeble, diastasic power, 








very gront difficulty by any nm 
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Soo, of milk in four minutes, while “25 cc, 







Nitrogen 12501841, 
Oxygen 31312920, 
Sulphur 173— 186, 























‘The precipitate 

with but little impurity, The solution wns allowed t 

over the precipitate for two days, when the latter was remo 

by decantation and washed with aleohol of 47 per 
centration, Ib was next thrown on to a filtor and again. 

with the same alcohol, ‘The washed precipitate was 


tht of the original yenst. liquor, 
remained insoluble and was found to consist of = 
proteid, to which the authors gave tho name yeast al 


‘an inverting power but little inferior to that of the origin 
yeast. ‘The authors judged the invertase to be nearly 
and estimated that about 12 per cent. had been d Aim 
the process of proptration, 40 that what impurities were 
were only the products of its own decomposition. It oor 
‘a certain amount of ash, which was principally a m 


potassium ond magnesium phosphates, A separation 
ash from the invertase was found to be possible by m 
dialysis, and the authors ame to the conclusion 


‘soluble in alcohol of -94 sp. gr. and could be precipi 
its solution by ndding alochol to this degree of concent 
‘The invertase was found to bo destroyed to some extent 
precipitation, and the more so tho purer it wos. If 
stand under the alcohol the ferment power was 
Wen sie pure tha soatocn cold nob bey 
alcohol without causing the destruction of the 
Tuyertase gave no colour with Millon’s reagent in | 
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eect $s sin sees be they eae 
siuiie ihos. ¢ welt hvuanse anata d 
‘composition it murt give reactions charactoristic of th 
group, It yields the pink colour on boiling 
reagent and it hus the power of combining 
‘Phe latter property, which is also possessed by : 
shared by the other members of the invertan seri 
‘exception of the a-body, Several such copper 60 
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JSerment was given them, to indicate ab once their modo | 
‘action and the distinction existing between them and 
cella of yeast, 

‘The theory of fermentation in favour cleurly had no 








meat) bn 
while the 


‘fermoatation by moana 
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another chemical compound in. 


- decompositions.” 

Sec cbterdshnent 
thay if : 
1 he te of the cells had not beon 
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precautions and. 
by the use of toluene in all the digestions. 
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